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Advanced Graphic Display Controller 

Section 1 
Overview 



3he UFD72120 Advanced Graphic Display Controller (AGDC) displays characters and 
graphics on a raster scan CRT according to commands and parameters received 
from a host processor or CPU. It has high speed graphic drawing capabilities, 
video timing signal generation, large capacity display memory control 
(including Video RfcMs) and a versatile CPU interface. 2hese are some of the 
features that allow the AGDC to control graphics drawing and display of bit 
mapped systems. 

Features 

* High speed graphics drawing functions 
Graphics drawing 

Dot, straight line, rectangle, circle, arc, sector, ellipse, ellipse arc 
and ellipse sector 
Maximum drawing speed: 500 ns/pixel (8 MHz, pixel mode) 

500 ns/dot (8 MHz, plane mode) 
Painting (High speed processing in word units) 

Non-arbitrary enclosed area painting (Fill): triangle, trapezoid and 
circle. 
Arbitrary enclosed area painting (Paint): boundary dot retrieval 
Data transfers in display memory 
Multiplane transfers 

Data transformation (90°/180°/270° rotation and reversal) 
Transfer speed: 500 ns/word max. 
Image Processing 

Slant, arbitrary angle rotation, 16/N enlargement, W16 shrinkage (N any 
integer from 1 to 16) 
Position specification by X-Y coordinates 
° Logic operations between planes 

* Video timing signal generation 

° High speed processing by two system clocks: display (for video sync 

signal generator) and graphics drawing clocks 
External synchronization 

* Large capacity display memory control 

Display memory bus interface (24-bit address and 16-bit data bus for 

addressing up to 16 Mwords, 16 bits/word) 
Video RAM (VRAM) control 
Display memory bus arbitration 
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Host Processor (CPU) Interface 

System bus interface -20-bit address bus, 8 or 16 bit data bus 
System memory < — > display memory data transfer with external DMA 
Oontroller 

From system memory to display memory (POT) 
From display memory to system memory ((£T) 
High speed pipeline processing with preprocessor before drawing processor 
CPU memory or I/O mapping of internal registers and display memory - 

efficient system interface 
8 MHz System Clock 
CMDS ^technology 
Single +5 V Power Supply 
* 80-pin flat package (uPD72120G) or 84-pin PLCC (uFD72120L) 



DMARQ: 


DMA Request 


E&23-16: 


Display Memory Address Bus 


DMAAK: 


DMA Acknowledge 


IAD15-0: 


Display Memory Data Bus 


INT: 


Interrupt Request 


D&STB: 


Display Memory Address Strobe 


READY: 


Ready 


VEDz 


Display Memory Read 


RESET: 


Reset 


DWD: 


Display Memory Write 


CSIR: 


Internal Register 


HI£ftK: 


Hold Acknowledge 




Chip Select 


HZDRQ: 
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Display Memory Chip Select 
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Data Transfer/Display Timing 
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£iQ Configuration (PHOT) 
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gin Functions 



Clock Pins 



H 1 , 1 _ _+ 

I Terminal | I/O \ Active I Function I 
i Maine | | level | | 


1 CLK III - 1 Clock supplied to the circuits other than the | 
1 1 i 1 the sync signal generator and display processor. I 
1 II 1 The drawing processor and preprocessor speed | 
1 1 1 1 depend on this clock frequency. I 


1 SCLK | I | - | Clock supplied to the sync signal generator and | 
1 II 1 the display processor. This clock frequency is 1 
1 II 1 determined by the CRT timing requirements - i.e., I 
1 II I horizontal sync frequency, the number of dots per I 
1 III line, etc. I 
■( 1 1 1 h 



System Bus Control Pins 
t i 1 



Terminal 

Name 



I/O 



»¥ 



I MAD15-0 
I 



I/O 



Active 
level 



Function 



I/O bus to the CTO consisting of multiplexed 16- 
bit address and a bidirectional data bus. 



MAI 9-16 



Upper four address bits of the 20-bit address. 



ASTO 



Latches the address on MA19-16 and MAD15-0 on the 
falling edge. 



UBE 



together with MADO defines, the data access format 
as shown below. UBE should be tied high when 
connected to an 8-bit CPU. 

&I&III Qau Assess. fsiuaat 

Even address word 

1 Even address byte 

1 Odd address byte 
1 1 Odd address byte 
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System Bus Control Pins (continued) 



1 Terminal I I/O 1 Active I Function I 
I Name | I level 1 | 


1 HD III L I Performs a read of data from the AGDC by the host I 
1 III CPU. | 


1 WR III L I Performs a write of data to the AO)C from the I 
1 III host CPU. i 


1 CSIR III L I Enables reading/writing of AQX internal | 
1 III registers by the host CPU. The register is | 
1 ill selected by the address input on MM)7-0. | 


1 CSDM III L I Enables reading/writing of display memory 1 
I III through the AOX by the host CPU. The display | 
1 III memory address is generated by the address input 1 
1 II 1 on MA19-16 and MAD15-0 and by the bank register. 1 


1 BEADY i I H| Activated by the cbta access request (PD/WR) for I 
1 III the AGDC. During the access, the signal is low. | 
1 III RESET will set the READY line high. I 


1 INT 1 I Hi Signals an interrupt from the AGDC. 1 


1 DMARQ 1 I H| Indicates a request for data transfer (PUT/GET) | 
1 II I to an external DMA controller. DMARQ will be low I 
1 III after RESET. 1 


1 DMAAK III L I Acknowledgment of DMA request to the AGDC by the 1 
i III DMA controller. 1 


I RESET III H| Initializes operation of the AGDC. The internal I 
I II I parameter register is not cleared by PESET (it is 1 
I III initialized by setting data). 1 
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Display Memory Control Pins 



H , , , , 

1 Terminal ) I/O I Active 1 Function j 
1 Name I | level 1 | 


1 DRD15-0 I I/O I - i I/O pins for display memory - 16-bit address | 
1 I I I multiplexed with data. I 


1 DA23-16 |0| 1 Upper 8 bits of display memory address (the lower | 
1 II I 16 bits of the 24-bit address are output on | 
1 II 1 DAD15-0) , | 


I CASTS | I E | Indicates that a display memory address is | 
1 1 1 1 present on the falling edge. 1 


1 DUBE 1 1 L I Defines the data format for accessing the display. I 
I DI£E 1 1 1 RESET sets both pins low. j 

1 II 1 Wee QU£ fiafca assess, fonoai l 

i III AGDC Word 1 

I III 16-bit CPU Word J 

II I I 8/16-bit CPU 1 High (odd) byte | 
1 II 1 16-bit CPU 1 Low (even) byte I 
1 III 8-bit CPU 1 1 High (odd) byte I 


1 DFD I I L I Controls reading of the display memory by the I 
1 ill AGDC. Set high by BESET. 1 


1 EWR 1 . 1 L I Controls writing to the display memory by the I 
1 1 1 I AQX. Set high by BESET. " 1 


1 HIDRQ I I I H | Requests control of the display memory bus by an I 
1 II I external device to transfer display data | 


1 HUftK 1 I L I Indicates that the AGDC memory bus (DA23-16 and | 
1 II I DAD15-0) is in the high impedance state so that I 
I 1 1 I an external device can have access to display 1 
1 II 1 memory bus. Set high by RESET. 1 

H 1 1 h— t 
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Video Timing Signal Related Pins 



Terminal 

Name 

MS/EJCVS 



I/O 
I/O 



Active 
level 

H 



Function 



I When the ASX operates as the master, VS is the 
I vertical sync signal. When the AGDC operates as a 
I slave, EXVS initializes the internal vertical 
t sync signal on the rising edge. 



RS/EXHS 



I/O 



H 



When the AGDC operates as the master, HS is the 
horizontal sync signal output. When the AGDC 
operates as a slave, EXHS initializes the 
internal horizontal sync signal on the rising 
edge. 



Display Signal Related Pins 



Terminal 
Name 



I/O 



Active 
level 



Function 



BIANK 



Used to blank the display. 



DT/bISP 



Set to DT in the DT mode (VRAMs used) and 
specifies the data transfer. In the cycle steal 
mode (TOAMs not used} indicates display cycle. 



GCSR 



Specifies the display of the graphics cursor 



GWAIT 



H 



Graphics wait signal 



Power Supply and Ground Pins 

4 



1 j- 

1/0 I Active I 
I level | 
i 



Terminal 
Name 



TO 



©to 



Function 



h 



+5 V power supply 



Ground 



=+ 
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Summary 

The AGDC is an LSI device that can be used to control a raster scan CRT 
connected to a personal computer, word processor, or various kinds of work 
stations. The AGDC not only generates the video timing signals needed by the 
CRT, but can draw various kinds of characters and graphics at high speed. The 
AGDC also has abundant functions required by many advanced system. 

The -figure below shows the basic configuration of a system employing the AOX. 



SYSTEM BUS 
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Section 2 
Functional Description 



2.1 Features 
High Speed Graphics Drawing 

Graphics Drawing 

The AGDC has graphic drawing commands to draw dots, straight lines, 
rectangles, circles and arcs, all of which are indispensable for 
CAD/CAM, office automation, document processing and printing. In 
addition, the AGDC supports the drawing of sectors, ellipses, ellipse 
arcs and ellipse sectors as advanced graphic primitives. These high 
speed graphics are drawn at maximum rate of 500 ns/pixel (8 MHz clock) 
for a straigh line, 1 us/pixel for a curved line (arc, etc.). 

Painting 

The AGDC can paint or fill in a triangle, rectangle, trapezoid or circle 
as well as any enclosed area. This powerful feature is useful not only 
for document processing but advanced three dimensional graphics as well. 
Since the tiling pattern for painting can be freely set in the display 
memory, the areas to be painted can be drawn with any of a wide 
assortment of colors. 

In the past, painting was performed by software on the host CHJ which is 
time consuming. For this reason, painting was used in only limited 
applications. The AGDC can upgrade the performance for painting speed 
by as much as several hundred times compared to painting done by a host 
CPU. This enables painting to be applied more extensively through the 
use of the AGDC. 

Transfer of Data in Display Memory (OOPY) 

The •OOPY* commands refers to bit-block transfers (also known as 
bilblt) . This commands transfer a rectangular area of any size and bit 
position to another similarly sized rectangle. The 'CCPY' command 
performs powerful character drawing and window control functions. 
In the past, a character could be displayed only with a fixed size and 
at a set position (word boundary) on the screen. The word processing 
applications of today require more flexibility in the display of 
characters. As a result, it is necessary to display characters of 
different fonts, styles and sizes and to proportionally space 
characters. The •COPY' function of the AGDC can satisfy all of these 
demands and at high speed - 500 ns/16 bits. 

Personal computers are making use of multiple windows on display 
screens. The 'COPY* command allows the user to easily specify the 



2-1 



Advanced Graphic Display Controller 

number, shape and size of multiple windows. Further, the 'COPY' command 
of the A£3x: can perform various logical operations between source and 
destination planes. 

Image Processing 

Die AGDC is able to do more than just copy data. It can slant copy, 
arbitrary angle rotation copy, 16/n enlargement copy or n/16 shrink copy 
(n any integer from 1 to 16) . These copies transfer data from a 
rectangular source area to a non-rectangular destination. 
The slant copy can be used for drawing italic characters. The arbitrary 
angle rotation copy is useful for document preparation because it can 
rotate characters, graphics, images, etc. The enlarge and shrink copies 
are effective for editing and patching documents. 
These AGDC commands relieve the host CPU of what was a software 
intensive function. The AGDC can quickly accomplish these image 
processing tasks and for a lower cost. 

Position Specif ication by X-Y Coordinates 

The graphics drawing and copy parameters can be given as X-Y coordinates 
thereby relieving the host CPU of the address calculation requirements. 

Hardware Clipping 

Clipping is used to draw either inside or outside a rectangular window 
defined by the user. For example, a command to draw a straight line 
from the outside to the inside of a window will only be seen inside (or 
outside) of the window when clipping is used. 

The AGDC implements clipping in hardware so that the user need only 
specify the coordinates of the rectangular window and the mode to 
indicate whether to clip inside or outside of the window. 




Clipping rectangle 

Inside drawing sb& Qu&aife drawing mak 

( Invisible line) 
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Video Timing Signal Generation 
° High Speed Processing by Dual System Clocks 

Dual system clocks can be input to the AGDC - the drawing clock and the 
display clock. In a graphics system, the display rate depends on the 
resolution of the CRT; the clock frequency of the display controller 
depends on the display rate. In the past, only a single clock was used 
for the display controller. It was often necessary to limit the clock 
to 5 MHz even though the capacity of the display controller was 8 MHz. 
Therefore, the AGDC was designed to have the display clock independent 
of the drawing clock so that drawing can be performed at the highest 
possible speed. 
° External Sync Input 

In systems that incorporate a separate circuit to generate the video 
timing signals and use an AGDC only to draw graphics, or in systems that 
use multiple AGDCs to achieve higher performance, it is necessary to 
synchronize the ACDC with the external circuitry "or the AGDC with other 
AGDCs. Therefore, the AGDC has external sync input capability to 
synchronize its operations with other AGDCs or with external circuitry. 

Large Capacity Display Memory Control 

Display Memory Bus Interface 

With its 24-bit addressing and 16-bit data, 16 Mwords of 16 bits/word 
display memory can be configured with the AGDC. This means that up to 
64 planes of 2048 x 2048 dots can be connected. 

Video RAM (VRAM) Control 

TOAMs are dual-ported DRAMs with internal line buffer shift registers 
(i.e., UPD41264). The VRAMs provide a separate port for display data so 
that when drawing, memory access time is greatly reduced. As a result, 
most of the entire memory cycle can be used as the drawing cycle to 
improve system throughput. The AGDC supplies the signals needed to 
control VRAMs. 

Display Memory Bus Arbitration 

In a basic system, the display memory is accessed by the AGDC only. 
However, in a more advanced system, the display memory may be accessed 
by other processors. In other words, a local bus is established between 
the display memory and the AGDC or other processors. In this case, it 
is necessary for the AGX to periodically provide refresh and display 
control and thus act as the local bus master. Other processors on the 
display memory bus (i.e., an image processor) are slaves and must 
request use of the bus from the AGDC. de AGDC controls the display 
memory bus and can grant the use of the bus to other processors. 
The AGDC incorporates display memory bus arbitration logic enabling 
higher performance systems to be constructed for a lower cost. 
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CPU Interface 

System Memory Bus Interface 

CPU Mapping of Internal Registers and Display Memory 

The AGDC system memory bus interface to the host CKJ is independent of 
the display memory bus. The width of the address which the CPU can 
input to the AGDC is 20 bits and the data width is 8 or 16 bits. Otoe 
20-bit address is used when the display paraneters, drawing parameters 
and commands are set and the CPU accesses the display memory directly. 
The internal AGDC registers and the display memory can be mapped in the 
CPU memory or X/O space. This allows the CTO to efficiently execute 
special drawing processing directly in the display memory. The mapping 
of AGDC registers in the CPU memory space provides for quick access of 
information to and from the ACDC. 

System Memory < — > Display Memory Data Transfer 

As described above, it is possible to map the display memory in the CPU 
memory space. It is also possible to execute PUT/GET commands - to 
transfer the data between the system memory and the display memory at 
high speed through the use of an external DMA controller. PUT is the 
command to transfer data from the system memory to the display memory. 
GET is the command to transfer data from the display memory to the 
system memory. 

High Speed Pipeline Drawing Processing 

The parameters given by the CPU to the AGX are greatly reduced by using 
X-Y coordinates. However, it is necessary for the ACDC to calculate 
physical memory addresses for the drawing processor. The process to 
convert the X-Y coordinates from the CPU into physical addresses is done 
by the drawing preprocessor. The drawing processor executes the actual 
drawing commands independent of the preprocessor. Therefore the drawing 
processor and preprocessor can operate concurrently. As shown in the 
figure below, the throughput of the system is improved by the use of the 
drawing preprocessor and the drawing processor in a pipeline. 
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2.2 Oomand/Parameter Exchange Between the CPU and AGDC 

It is necessary for the CPU to set various parameters and commands to operate 
the drawing and display control functions of the AGDC. Tb set these parameters 
and commands, the CPU writes them directly to the AOX internal registers. 

The internal registers of the AGDC can be classified into registers the CPU can 
read and write directly and registers in which reading or writing is 
prohibited. The registers which can be read and written are assigned unique 
addresses. They are napped in the CPU memory or VO space and referred to as 
the 'ooirinandyparameter table* • These registers are selected by the lower 8 
bits (00H - FFH) of the address input on MADO - MAD7 to the AGDC when CSIR is 
low. The data to be read or written can be sent through the data bus in the 
same address cycle providing high speed command or parameter exchange. 

The AGDC incorporates a preprocessor for drawing preprocessing and a drawing 
processor for the actual drawing. The drawing preprocessor calculates the 
effective (physical) address from X-Y coordinates (logical address) given by 
the CPU and generates the parameters of the micro-level codes interpreted by 
the drawing processor. The drawing preprocessor decodes commands and performs 
the drawing preprocessing necessary to execute commands in the command/ 
parameter table. It is not necessary to write all the parameters in the 
command/pa rameter table. Only the required parameters for the particular 
command need be written. 

Of the addresses 00H - FFH in the internal register space, 80H - FFH are not 
presently used. These are reserved for future use. The register addresses 
00H-7FH can be grouped into four categories as shown in the following table. 
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Classification 



Register Name 



Address I CTO Access 



1(1) AGDC control 


i 
STATUS (Read) | 


3CH - 


3DH | 


1 ' ■' i 
Read - at any time | 




CTRL, BAiK (Write) I 


3CH- 


3DH I 


Write - at any time | 


1(2) Display 


DISPLAY FTAGS | 


70H - 


7FH | 


Read - inhibited | 


I related 


DISPLAY PITCH | 






Write at any time | 


! registers 


DAD, WC, AC I 
GCSRC,GCSKYS,GCSR£ 1 
CRS, CE ! 
HS,HBP,HH,HD,HFP I 
VS,UBP,I/F,WP I 








1(3) Drawing 1 


EADORG, dADORG I 


00H - 


1FH I 


Read at any time | 


1 related I 


EAD1, dADl | 


40H - 


6FH | 


Write - 3 types of I 


1 registers 1 


EAD2, dAD2 1 
PDISPS, FDISPD ! 
PITCHS, PITCHD I 
PMAX,MCDl,M3D0 I 
PIANES I 
PTOP,PTlCNr ! 
STACX,SIMAX 1 
CLIP 1 
XCLMIN,xa/*AX | 
YOtfIN,YOJlAX 
MACH,MAGV 
X,DX,XS,XE,XC,DH 
Y,DY,YS,YE,YC,DV 
COMMA!© 






handshaking selectable I 

A. status flag I 

B. ready signal j 

C. INT signal 1 


1(4) Data port 


DMAFOKT (during 
i POT/GET execution) 


3EH - 


3FH 






i DX (during READ 


[ 44H - 


45H 






1 DP/READ COL 










1 execution) 









Note; The DX register is used as the logical address (coordinate) setting 
register and at the same time as the data port during execution of 
the READ DP/READ COL command. 
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Ihe registers in the first classification - SE&HJS, CTRL and BANK - are 
assigned address 3CH - 3DH. The contents of the SIMMS register can be read at 
any time. The CTRL and BAiK registers can be written to by the CPU at any 
time. 

Otoe registers in the second group - display related registers - are assigned 
addresses in the range 70B * 7FH. The contents of these registers cannot be 
read. Data can be written to these registers at any tine. However, writing to 
these registers can disturb the CRT display, lb prevent this, the display can 
be blanked while writing to these registers. First set the SD bit in the 
DISPIAY FIAGS register (address 70H-71B) to '1'. Second, write the data into 
the display related register group. Third, set the S> bit from '1' back to 
•0'. 

Follow these procedures to write data (SYNC parameters) such as HS, HBP, 
HH, HD, HFP, VS, \fcP and I/F on the registers at address 7EH - 7FH: 

1. Set the SYNC bit in the DISPIAY FIAGS register (70H - 71H) to »1* 

2. Write, in the order listed, HS, HBP, HH, HD, HFP, VS, 

VBP, I/F AND \FP (address 7EH - 7FH). 

3. Set the SYNC bit to '0' 

The registers in the drawing related group are assigned addresses from 00H to 
1FH and 40H to 6FH. The preprocessor resides in this register group. The 
read/write option of these registers are: 

- Read 

The CPU can read the contents of these registers at any tine. The 
preprocessor stops for one clock while the contents of a register are 
read. 

- Write 

One of three writing procedures can be used: 

1. Check the SIMUS register PPBSY flag (address 3CH) 

2. Use the READY signal 

3. Use the INT pin to signal an interrupt to the CPU 

The method described by (1) is the general method. The contents of the status 
flag are read to check that the preprocessor is not in operation. If the 
preprocessor is not busy, then data can be written to the command/Faraireter 
table. 

In the method described by (2) , the CPU is tied to the AGDC's READY line. If 
the preprocessor is busy, the CPU cannot write the data until the preprocessor 
is finished and the READY line goes high. This procedure enables the 
command/parameter data to be sent at a higher speed. 
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In the method described by (3), the CPU is interrupted by the AGDC when the 
preprocessor is available. The AGDC, through its INT line, informs the CPU to 
send command/parameter data. The CPU interrupt routine should send a command 
and parameters to the AGDC. She 'INT line is enabled or disabled by a flag in 
the CTRL register (address 3DH). 

The three write methods are illustrated below. 

Procedure (A) ... Handshake by the Procedure (B) ... Handshake by the 
busy flag HEADY signal 




Parameter 



The CPU is in wait cycle 
during the execution of 
the drawing pre-processing 



Parameter 



Parameter 



Parameter 



Command 



Parameter 



Command 



Procedure (C) .. Handshake by the 
INT signal 
Main routine 



The drawing preprocessing 
end is informed. 



r 



Interruption processing routine 



Parameter 



Parameter 



Parameter 



Command 






Mam routine 
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Ihe data port register, DMAJORT, is at address 3EH * 3FH. The drawing 
processor uses this register during execution of the drawing preprocessing, 
Therefore, to readVwrite this register, follow the method for reading or 
writing the drawing preprocessor. 



2.3 Besfit flpfl Abaifc Operation 

The AGDC resets or aborts processing by any of the following procedures: 

- Reset Operation 

1. Set the BESET input signal (pin 5) to a high level (hardware reset) 

2. Set the BESET flag in the CRTL register to '1' (software reset). 

- Abort Operation 

3. Set the ABORT flag in the CTRL register to 'l'. 



Reset/Abort Operation 



Operation 



(1) Hardware Reset 



- sets the display stop flag SD in the DISPLAY 

FLAGS register (70H - 71H) to 'l' 

- sets all bits in the CTRL register (3DH) to '0' 

- all other registers maintain the same status 

- stops the preprocessor and the drawing processor 

- initializes the video timing signals 

- stops the image memory direct access 



(2) Software Reset 



same as the hardware reset but does not set the 
display stop flag in the DISPLAY FLAGS register 
(70H - 71H) to '1' and does not initialize the 
video timing signals 



(3) Abort 



all registers maintain their status 

stops the preprocessor and drawing processor 
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Section 3 
AGDC Operation 

3.1 flat to. ass. £te Internal teqiaters 

The internal registers of the AGDC are classified as shown in the table below: 

H 1 1 



I Classification 



1 

Application | Register Mane | Address (Hex) 



I AGDC control 


Status 1 


STATUS 1 


3C | 


1 registers 


Oontrol 1 


CTRL | 


3D | 




Higher 8 bits of 


BANC | 


3C | 




address in display ! 








nejiDry direct access 






1 Display related 


Display status 


DISHAY FIAGS | 


70-71 | 


1 registers 


setting 








Display area 


DISPLAY PITCH, 


72-77 | 




setting 


CAD, WC I 






Cursor setting 


CRS, OB, GCSEX, 
GCSKYS, GCSR\E 


78 - 7D J 




Horizontal sync 


HS, HBP, HH, 


7E - 7F | 




signal setting 


HD, HPP 






Vertical sync 


VS, TOP, I/F, 


IE - IF \ 




signal setting 


WP 




1 Drawing related 


Logical address 


EAD0R3, dADORG 


00-03 | 


1 registers 


2ero point setting 








Logical address 


PITCHS, PI1CHD 


58 - 5B | 




setting 








Plane setting 


PMAX, PDISPS, 
PDISPD 


0C - 15 I 




Inter-plane logical 


! M3D0, MODI, 


16, 5E - 5F I 




operation setting 


! PIANES 






Clipping setting 


I CLIP, XOJilN, 
I XOtfAX, YO/1IN, 
1 YOtfAX 


I 6D, 62-69 I 




1 Enlarge/Shrink 


I MAGH, MAGV 


1 6C 1 




1 coefficient setting 
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Classification 



Application I Register Name I Address (Bex) 



1 Drawing related 


Painting pattern I PTNP, PTNCNT 


18-1A,60-61 | 


1 registers 


setting 






1 (continued) 


AGDC work area set 


STACK, S1MAX 


1C-1£,5C-5D I 




Physical address 


EAD1, EAD2 


04-06, 08-OA | 




(word addr) value 








setting 








Physical address 


dADl, dAD2 


07, OB | 




(dot addr.) value 








setting 








Logical address (X 


X, OX*, XS, XE, 


40 - 55 | 




coord.) value set 


xc, DH 






Logical address (Y 


Y, DY, YS, YE, 


42 - 57 I 




coord.) value set 


YC, DV 






Command 


CGMMAH) 


6E - 6F | 


I Data port 


Data port during 
execution of POT/GET 


1 CKAPOPT 


I 3E - 3F | 




Data port during 


DX* 


44 - 45 | 




execution of BEAD 








DP/BEAD OOL 







: The DX register is used as the logical address (X coordinate) value 
setting register and at the same time as the data port during the 
execution of a PEAD DP/BEAD OOL command. 
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3.2 &g& flaotifli Registers 



SBKBOS (Status) 



No. of bits: 

Address: 

Application: 



16 

3CH - 3DH (Itead) 

The status of the internal operation of the AGDC. Otoe format 

is as follows: 



MSB 8 
* 



+ 



LSB 



+■ 



+ 



+ 



■f 



I CLIP I PGBSY | CODED I VSB | VS 
4 1 1 1 I 



! DPERR | PFERR | DIBSY | PFBSY | 
H 1 I 1 h 




Flag Name 



Abbrev. 



AGDC status when flag is T 



PFE-PROCESSOR BUSY 



PPBSY 



The preprocessor is executing 
a command 



DRAWING PROCESSOR BUSY 



DPBSY 



The drawing processor is 
executing a command 



PRE-PROCESSOR ERROR 



PIERR 



An error was detected during the 
execution of the command by the 
preprocessor 



DRAWING PROCESSOR ERROR 



DIERR 



An error was detected during the 
execution of a command by the 
drawing processor 



\£RTICAL SYNC FERICD 



VS 



Indicates vertical sync period 



\ERTICAL BIANKINS PERIOD 



VSB 



Indicates vertical blanking 
period 



ODD FIELD 



CODED 



Indicates odd field during 
interlaced scanning 
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Status (continued) 



I Bit ] 



Flag Name 



7 | PUT/GET BUSY 



4 *. 



Abbrev. 



NJK status when flag is '!' 



PGBSY 



Indicates that data can be 
transferred during a POT/GET 
oocmand 



8 | CEJPPIN3 



H H 

19-1 
I 15 I 

H H 



CLIP 



Picking or object detected 



Reserved for future use 
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BANC (Bank) 



No. of bits: 8 

Address: 3CH (Write) 

Application: The CPU interface on the AGDC accomodates 20-bit addresses. The 
AGDC can address 32 Mbytes of display memory (24 bits) . When 
the CPU addresses display memory directly , the lower 16 bits 
provided by the CPU (bits - 15) is combined with the upper 8 
bits (bits 16-23) of the BANK register to form the 24-bit 
display memory address. 
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CSCEL (Oontrol) 



No. of bits: 8 
Address: 3DH (Write) 
Application: 



MSB 



LSB 



DBXE | PBIE | CXE 
1 1 



H 1 1. 

I ABORT | RESET | 
H 1 h 



Bit 



i 



Flag Name 



Abbrev. 



AGDC status when flag is '1' 



9QETWARE RESET 



RESET 



Initializes AGDC 



PRXESSOR ABORT 



ABORT 



Stops any processing being 
performed and clears the 
processor busy status 



I 3 



NDT USED 



NOT USED 



Must be set to 'O* 



NOT USED 



CLIPPING INTERRUPT 
ENABLE 



CIE 



Enables the INT signal when 
picking (drawing in the clipped 
region) 



PRE-PROCESSOR BUSY 
INTERRUPT EN&BI£ 



PBIE 



Enables the INT signal on the 
INT pin. INT output when 
preprocesser status changes from 
BUSY to NOT BUSY 



DRAWING PROCESSOR BUSY 
INTERRUPT Et&BLE 



DBIE 



Enables the INT signal on the 
INT pin to be output when the 
drawing processor status changes 
from BUSY to NDT BUSY 



*: Please refer to section 2.3, 'Reset and Abort Operation 1 
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3.3 BisBlay. Belated feoistex 

DZ£RAY FIA3S (Display Flags) 

No. of bits: 16 
Address: 70H - 71H (Write) 

Application: To select the operation of the display processor and the 
video timing signal generator* 

MSB LSB 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

I I l 1 1 1 l 1 l 1 l 1 1 1 1 1 h 

i SE/DT i EftDf | IN j RE | 9C |FCCL|TCCL|MASK|H/S | SD |I£0 |SYNC| VS I 

H 1 1 1 1 1 1 1 I 1 1 1 1 \ | 1 h 



Bit 0: VS (Vertical Sync) 

The AGDC incorporates a horizontal/vertical counter to keep track of the 
current position of the display by the scanning line nunber counted from the 
top of the screen or by the word number counted from the left side. When the 
AC2DC is used in the slave mode, the VS defines the timing of the horizontal/ 
vertical counter by the external sync signal, EXV5. When the AGDC is used in 
the master mode, the VS is ignored. 



i i v 

I VS I Function I 

+ i 1 1 ii i 

I j The total number of display lines in the 1st and 2nd fields is even I 

^ 1 h 

II I The total number of display lines in the 1st and 2nd fields is odd I 

H 1 1- 
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0X£HA? FIAGS (continued) 

Bit 1: SYNC (Sync Parameter Setting) 

Tnis bit permits the writing of data in the registers (BS, HBP, HH, HFP, VS, 
VBP, LP and WP) assigned to the address 7EH - 7FH. 



SYNC I Function 



I No writing is permitted 

1 



1 I Writing is permitted 
i 



Bit 2: I£0 (Display Lines per Frame in Interlace Node) 

This bit defines the total number of display lines per frame (the first and 
second fields) in the interlace mode (IN « 1 in DISPLAY FIAGS). For non- 
interlace mode (IN ■ 0), I£0 is ignored. 



I£0 



Function 



The total number of display lines in the 1st and 2nd fields is even 



i 
I 1 

H — — - 



The total number of display lines in the 1st and 2nd fields is odd | 

— i f. 



Bit 3: SD (Stop Display) 

This bit defines the output status of the BIANK pin. ftiis bit is set to '1' 
when the BESET pin is high. 



SD I Function 



i 0| Ohe BLANK pin is activated between the non-display period defined 
! ! by the sync signal generator 

H 1 , — 

I II The BIANK output pin is activated in all the period 

H 1 -— 
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DlfiKAI FIAGS (continued) 
Bit 4: H/S (Master/Slave) 
ftiis bit defines the master/slave node of the AGDC 



I MS I 



Function 



I I ltoe AGDC is set to master node (HSXNC, VSYNC) 

•I 1 

I 1 I The AGDC is set to slave node (EXHS, EXVS) 

H 1 



Bit 5: MASK (Mask) 

Uiis bit defines the VSYNC output pin timing in the master mode (MS « in 
DISPLAY FIAGS) . It also defines the validity/invalidity of the EXHS and EXVS 
input pins in the slave mode (MS « 1 in DISPLAY FIAGS) • 




FUNCTION 



Oily the VSYNC signal in the first field is output in the 
interlace display mode (IN « 1 in DISPIAY FIAGS) 



Ihe usual VSYNC signal is output 



The EXHS and EXVS external sync input signals are valid 



The EXHS and EXVS external sysnc input signals are invalid 
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DISHAY FIAGS (continued) 

Bit 6: TOCL (Timing Counter Clear) 

The AGDC display the data by using two cycles of Dl and D2 as one unit. 
Therefore, the AGDC incorporates the display cycle counter to recognize the Dl 
cycle and the D2 cycle during display. This bit defines the initializing 
timing of the display cycle counter by the EXVS external sync input signal. In 
the master mode (MS « in DISPIAY FIAGS), TOCL is ignored. 



TOCL 




Function 



The display cycle counter is not initialized (to the Dl cycle) on 
the rising edge of EXVS 



The display cycle counter is initialized (to the Dl cycle) on the 
rising edge of EXVS 



Bit 7: FCCL (Field Counter Clear) 

The AGDC incorporates the field counter to recognize the first field and the 
second field in the interlace display mode. This bit defines the initializing 
timing of this field counter by the EXVS external sync input signal. In the 
master mode (MS ■ in DISPLAY FIAGS) or in the non-interlaced display node (IN 
« in DISPIAY FIAGS), FCCL is ignored. 




Function 



Ibe field counter is not initialized (to the first field) on the 
rising edge of EXVS 



The field counter is initialized (to the first field) on the 
rising edge of EXVS 
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DISPIAI FLAGS (continued) 

Bit 8: SC (Steal Count) 

This bit defines the relationship between OK and SCUC in the dual port DRAM 
(VRAM) drive node (SS/tXT « lx in DISPZAY FLAGS) . In the cycle steal node 
iSE/UC • Ox in DISPIAY FIASS) , SC is ignored. 



I SC I Function 



I I ©lis bit is set to when OH f SOU 

4 1 



I 1 I This bit is set to 1 when CLK « SCLK 
h 1 



Bit 9: RE (Refresh Enable) 

This bit defines the DRAM refresh address output. 



4- 
1 


SC 


1 
Function I 


1 





The DRAM refresh address is output when HSXNC is high 


1 


1 


1 


The DRAM refresh address is not output 1 

| , L 



Bit 10: IN (Interlace) 

This bit sets the display screen mode. 
^ 1 



IN I Function 

■■'■■ ''■■■■ ' ■ ' ■ ■ ■ ■'- ■■'■' 



I I The non-interlaced display mode is set 

h 1 



I 1 I The interlaced display mode is set 

i i 
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DXSRAY FIAGS (continued) 

Bits 11-13: CADf (Display Address Proceedings) 

These bits define the progressive form of display addressing. 



I IADf 


-1 

1 


Progressive form I 


1 000 


I DM* 1 


CAD 


-> DADfl -> CADf2 -> CADf3 -> CADf4 -> CADf5 -> ... 1 


I 001 


1 CADf2 


CAD 


-> DMH2 -> DADM -> CAD+6 -> CADf8 -> CAD+10 -> ... I 


1 010 


1 EADf4 


DAD 


-> CADf4 -> CAD+8 -> CADfl2 -> CADf 16 -> CAD+20 -> ... I 


1 011 


I DftD+6 


DAD 


-> CAD+8 -> DMH16 -> CACH-24 -> CAD+32 -> CADf40 -> . . . | 


1 100 


I CADf 16 


CAD 


-> DADfl6 -> CADf32 -> DMH48 -> CADf64 -> DADf80 -> .. I 


1 101 


I DAD+32 


CAD 


-> EADf32 -> CAD+64 -> EADf96 -> DMH-128 -> ... | 


1 110 


IDMH1/4 


CAD 


-> DAD -> CAD -> CAD -> CADf 1 -> . . . 1 


1 HI 


|CADfl/2 

H 1 


CAD 

i 


-> CAD -> CADf 1 -> DRDfl -> DADf2 -> . . . I 
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DXSKAY FLAGS (continued) 



Bits 14-15: SE^tXT (Steal Enable/Data Transfer Node) 

These bits indicate whether WAMs or DRAMs are used for the display memory. 
When DRAMs are used, drawing is accomplished by memory cycle stealing. When 
VRAMS are used, the timing mode of the data transfer signal DT is defined. 



SEVtDTl 



Ox 



Function 



The cycle steal mode (the DISP signal indicating the display 
period output) is used 



10 



The DT signal is generated at the timing which satisfies at least 
one of the following three conditions: 

1. At the start of the display on the screen 

2. At the start of the display of each scan line on the screen 

3. When all the lower 8 bits of the 24 bits of display address 
are 



11 



The DT signal is generated at the timing which satisfies at least 
one of the following two conditions: 

1. At the start of the display on the screen 

2. When all the lower 8 bits of the 24 bits of the display address 
are 
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DIStAY PITCH (Display pitch) 



Nd. of bits: 

Address* 

Application; 



12 

72H - 73H (Write) 

Sets the number of addresses in the horizontal direction 

of the image memory plane. 



+ 



DISPIAY PITCB I No. of addresses 



0000 0000 0000 
0000 0000 0001 
0000 0000 0010 



mi mi noi 

1111 1111 1110 

mi mi mi 



4093 
4094 
4095 
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AC (Address Oontrol) 



No. of bits: 

Address: 

Application: 



73H (Write) 

Sfoese bits define the output of the 9 bit refresh address 

to the display address lines DA23 - DA16 and DAD15 - DADO. The 

table below shows the change in the lower 8 bits of the display 

address which is used to set the output timing signal DT in the 

WAM drive node {SE/UT - 11 in DISPIAY FIAGS) according to the 

AC value. 



H 1 

i AC 


1 1 

Refresh address 


The condition to activate the DT signal in the | 




output pins 


dual port DRAM drive node I 


I 000 


DAD6 - DADO 


When EAD7 - DADO are i 


I 001 


- 


prohibited | 


I 010 


- 


prohibited | 


I 011 


- 


prohibited | 


I 100 


EAD9 - DAD1 


When DAD8 - EAD1 are 1 


I 101 


DAD10 - EAD2 


When EAD9 - EftD2 are I 


I 110 


EAD11 - DAD3 


When DM510 * DM>3 are I 


1 111 

1 1 


EAD12 - EAD4 

1 


When DAD11 - DftD4 are 1 

[ ■ I 
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DAD (Display Address) 

No. of bits: 24 
Address: 74H - 76H (Write) 

Application: These bits set the display starting physical address in the 
mBDory* 
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HC (Word Count) 



No. of bits: 8 
Address: 77H (Write) 

Application: ttiese bits set the number of address in the display period 
for one scanning period. 



+■ 



+ 



+ 



wc 



No. of addresses 



0000 0000 
0000 0001 
0000 0010 



1111 1101 
1111 1110 
1111 1111 



254 
255 
256 
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(Graphics Cursor X Coordinate) 



No. of bits: 

Address: 

Application: 



12 

78H - 79H (Write) 

lbese bits set the starting display address of the graphics 

cursor using the upper left corner of the screen as the origin. 

The graphics cursor display signal generation period in the 

horizontal direction is fixed to one display cycle period. 



GCSPX 

0000 0000 0000 
0000 0000 0001 



I GCSR generation position/1 scan line | 



Not defined 

1st display cycle 



1111 1111 1110 
1111 1111 1111 



4094th display cycle 
4095th display cycle 
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OS (Cursor Out Select) 

No. of bits: 1 

Address: 79H (Write) 

Application: ttiis bit selects the logical OR or the logical AN) of the 

horizontal coincidence signal with the vertical coincidence 

signal to be output at the GCSR pin* 

* 1 h 

i CRS I Function I 

I I AND and output I 

i i h 

I 1 I OR and output I 

-i 1 1- 
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GB (Cursor Display Enable) 

No. of bits: 1 

Address: 79B (Write) 

Amplication: Enables the graphics cursor output signal (GCSR) 

H 1 h 

I CE | Function I 

I I Not enabled I 
s 1 1. 

II I enabled I 

h 1 ». 
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(Graphics Cursor Y Coordinate Start) 



No. of bits: 

Address: 

Application: 



12 

7AH - 7BE (Write) 

These bits set the Y coordinate of the graphics cursor display 

start on the screen using the upper left comer of the screen 

as the origin* 



GCSRYS 



GCSR generation position/1 scan line 



0000 0000 0000 I Not defined 
0000 0000 0001 | 1st display cycle 



1111 1111 1110 I 4094th display cycle 
1111 1111 1111 I 4095th display cycle 
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GC2SS (Graphics Cursor Y Coordinate End) 

No. of bits: 12 
Address: 7CH - 7DH (Write) 

Application: Itoese bits set the Y coordinate of the graphics cursor display 
end on the screen using the upper left comer as the origin. 



+ 



i — 

I GCSR generation position/1 scan line I 



GCSRYE 



i 0000 0000 0000 
| 0000 0000 0001 



Not defined 

1st display cycle 



1111 1111 1110 
1111 1111 1111 



4094th display cycle 
4095th display cycle 



< Graphics Cursor Output Form > 

n n 



















[CRS-0] 



GCSRYS — . 
GCSRYE -, 



GCSRX 1 




GCSRX 



When the value of GCSRYS < GCSRYE is not set, the graphics cursor output from 
the display line indicated by GCSRYS to the last display line is activated. 
When GCSRYS « GCSItfE, only one display line indicated by GCSRYS is displayed. 
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HS, HBP, m, B>, BPP 

HS (Horizontal Sync Signal) 

HBP (Horizontal Back Porch; non-displayed period on the left of the CRT screen) 
HH (Period from the HBP end to the center of one horizontal period) 
W (Horizontal display period) 

HFP (Horizontal front porch; non-displayed period on the right of the CRT 
screen) 



No. of bits: 12 each 

Address: 7EH - 7PH (Write) 

Application: These registers set the horizontal video timing parameters. 



HS, HBP, HH, HD, HFP | No. of display cycles I 



0000 0000 0000 
0000 0000 0001 
0000 0000 0010 



1111 1111 1101 
1111 1111 1110 

1111 1111 1111 



4094 
4095 
4096 
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VB, WP, W? 9 WF 



VS (Vertical Sync signal) 

VBP (Vertical Back Porch; non-displayed period on the upper part of the CRT 

screen) 
h/F (Display period in the vertical direction) 
WP (Vertical Front Porch; non-displayed period on the lower part of the CRT 

screen) 

No. of bits: 12 each 

Address: 7EH - 7FH 

Application: These registers set the vertical video timing parameters. 



I VS, VBP, L/F, WP I No. of display cycles 



0000 0000 0000 
0000 0000 0001 
0000 0000 0010 



1111 1111 1101 
1111 1111 1110 

1111 1111 1111 



4094 
4095 
4096 



HSYNC 
HBLANK 



VSYNC 
(2ND F.) 
VSYNC 
(1ST F.) 



< Sync Signal Generation Diagram > 

1H 



KS 



HBP 



HD 



•HH- 



HFP 



VSYNC 
VBLANK 



VS 



VBP 



IV 



L/F 



VFP 
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3.4 Tnfcfemal fieaister Table 



KS8 



LS8 

















, 


i i 




CAuUKVlv%L/ ^^ 


t < i t i 








1*- dAK 




FlhftffVlft _____ * 


1 • i 
















Wi \n*b/ 




Q 






„ •— dA! 




— r*ftt fu\ — , _,. > 


















i i i 


v\w* \n»w/ 




q 


f r» 


At 


I ♦— dAt 




-i Pftftt ^tf\ ,_,„. , , 


U * • 


• •til 
















till 




n 


LjBj 


«• 


/si rtt rti 




MlfM fU\ - 


f\\ O t t 
















it t 


i t i i 


1 1 1 1 1 


n 


i 1^1 


f** 


/)i ^ » ^i 






/*• r\f ~ i i 


1 1 1 1 1 


















1 1 ■ t 1 


r\ 








^ i #* 1 i i 


— ► ♦—woo—* 

I III 




















$ 




r* t 


/^ ^1 #"M 








• * 1 l' 1 1 














-jQj 


_£L 


-£x 


f?> fti Dt 











00H RV 

02M RV 

04M RV 

06H XV 

08K Ml 

OAH RV 

OCH RV 

OEH RV 

10H RV 

12K RV 

14H RV 

16K RV 

I8H RV 

IAN RV 

1CH RV 

IEH RV 



20H - 3BH : AGDC working registers 



SB 


















LSB 


X 


X 

1 


X 

I 


X 

1 


X 

1 


X 



















I I I 



CTRL 



i i i 



BAKK 



■L_«--__-»wjJ_->-J__-aJL-«a_-U 









1 1 1 1 


1 



3a r « 

3CH V 
3EH RV 
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Internal Register Table (continued) 



MSB 



158 















1 ^^^^J 








^^^. 










































































































































































' _^^_J 
























J ^ i aiP « — MAGH — ► ' •— MAGV — ♦ 












COMrt 






• it i i i i i i i 



40H 


RW 


42H 


RW 


44H 


RW 


46K 


RW 


48H 


RW 


4AM 


RW 


4CH 


RW 


4EH 


RW 


SOH 


RW 


52H 


RW 


54H 


RW 


S6H 


RW 


58H 


RW 


5AH 


RW 


5CH 


RW 


5EK 


RW 


60K 


RW 


62H 


RW 


64H 


RW 


66H 


RW 


68K 


RW 


6CH 


RW 


6EH 


R 


6EH 


W 



6AH - 6BH : AGDC working registers 



3-26 



Advanced Graphic Display Controller 



Internal Register Table (continued) 



MSB 



LSB 











U «■• M> "* * 


1 1 I 1 1 • 1 1 1 








1 1 1 1 1 t 1 1 | 






1 1 1 1 t^ Ibmm 


























1 1 1 1 f I I 1 I 










V v v \i ' 












U U U U * 

III 1 J^.^ .J 
























III 1 J lm am J 








ft ft ft ft - 


HIT ■ 


1 1 1 mmmJt— —Lmm •• bJ 








ft ft ft ft - 






i i i i f i i i 










1 1 1 ^^ » Lmm L__J 














Uf * 
i t i i i i i i 1 










111 1 IJ 





70H V 

T2H V 

74H V 

76K V 

78K V 

7AH V 

7CH V 

TEH V 



7EH 


V 


7EH 


V 


TEH 


V 


7EH 


V 


7EH 


V 


TEH 


V 


7EH 


V 


7EH 


V 



RW : Read/Write 
W : Write only 
R : Read only 



H: Higher 8 bits of 24-bit word 
M: Middle 8 bits of 24-bit word 
L: Lower 8 bits of 24-bit word 



80H - FFH : Reserved 



3-27 



Advanced Graphic Display Controller 



3-28 



Advanced Graphic Display Controller 



Section 4 
Drawing Operations 



4.1 Biaalpg. Functions 

The AGDC is an LSI device that can perform graphics drawing and copying at high 
speed* Tfte host system specifies the drawing parameters and commands by 
writing to specific internal AGDC registers. Only the parameters that are 
needed to perform the drawing command are written. When the DRAW command is 
written, the AGDC starts the drawing process. 

Ibis section describes the variations of the DRAW command and the parameters 
required for each command. 



4.2 3&2S& ol DB&E flOBBBD^a 

The DRAW command is set in the COMMAND register at address 6EH - 6FH. Ifte type 
of drawing is selected according to the operation code written to 6FH. \ferious 
combinations are selected by the flags set in the register at 6EH. 

The DRAW commands can roughly be classified as follows: 

1. Data read command 

2. Graphics drawing commands 

- Dot drawing 

- Straight line drawing 

- Curve drawing 

3. Paint commands 

- Non-arbitrary area paint 

- Arbitrary area paint 

4. Copy commands 

- Simple copy 

- 90° rotation copy 

- Arbitrary angle rotation copy 

- Enlarge/Shrink copy 

5. POT/GET commands 

- PUT 

- GET 

- 90° rotation GET 
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List of DRAW ooranands: 



H 1 


i 1 


Absolute 


^ 

Relative | 






Coordinate system ! 


Coordinate system | 


I Data read 


Coordinate value 


READ DP | 




I conmands 


read 








Color information 


READ OOL I 






read 1 






{ Graphics 


Dot I 


DOT D | 




I Drawing 




ADOTM | 


RDOTM I 


| conmands 








Straight Line ! 


A LINE MO | 


R LINE MO { 






A LINE Ml ] 


R LINE Ml 1 




i 


A LINE M2 ' j 


R LINE M2 I 






A LINE DO 


RUNE DO | 






A LINE Dl 


RLDE Dl I 






A LINE D2 


R LINE D2 | 






A LINE D3 






Rectangle 


a rex: 


R REC | 




Circle 


CRL 






Arc 


ARC 






Sector 


SEC 






Circle Bow 


CBOW 






Ellipse 


ELPS 






Ellipse arc 


EARC 






Ellipse sector 


ESEC 






Ellipse bow 


EBOW 




1 Paint Conmands 


Triangular area 


A TRI FILL 






Rectangular area 


A REE FILL 


! R REC FILL ! 




Trapezoidal area 


A TRA FILL 


1 RTR&FILL I 




Circular area 


i CRL FILL 


i 1 




Elliptic 


i ELPS FILL 






Arbitrary 


I PAINT 




4— 1 


enclosed area 

i 


I 


1 »- 
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List of DRAW commands (continued): 



H 1 


1 


i 1 i 

Absolute | Relative | 




Physical address- 


Coordinate system I Coordinate system I 


I Copy Commands 


AOOPYAA | | 




physical address 






Logical address- 


A CDPY GA | | 




phsical address 






Physical address- 


A 03PY AC I | 




logical address 






Logical address- 


A COPY CC I | 




logical address 




I PUT/GET 




PUT | | 


I Commands 

j 1 


1 


GET | | 

I 1 j. 



4-3 



Advanced Graphic Display Controller 
Summary of Operation Flags: 

(1). Data read commands - there is no variation in these operation flags 



(2) • Graphics drawing commands - the operation flags are shown in the figures 
below: 



- Dot drawing conmands 

OoznK&nd 

H H 1 1 1 1 1 1 1 1- 

I Operation Code 1 1 10 [ IPXEN I BPPX I I | 

H -H 1 1 1 1 1 1 1 i 

6FH | 6EH 

PXEN: Pixel mode specification 
BPPX: No. of bits in one pixel 



- Straight line drawing commands 

Command 

h h 1 1 1 1 1 1 i Y 

I Operation Code II ES | IP I ED |RCEN I BPHC j ESH | 1 | 

H H 1 1 1 1 1 I 1 Y 

6FH | 6EH 

ES: Enlarge/shrink or original size 

IP: Specification of initialization of the type of line to be drawn 

ED: Specification of thickening direction of line width in enlarge 

drawing 

PXEN: Pixel mode specification 

BPPX: Specif ication of the number of bits in one pixel 

ESH: Enlarge or shrink specification (kind of line to be drawn) 
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- Curve drawing commands 

Command 

h h 1 1 1 1 1 1 1 f 

I Operation Code 1 1 CP I IP I IPXEN | BPBC | | | 

h H 1 1 I 1 I 1 1 f- 

6FH | 6EH 

CF: Cloclcwise or counterclockwise drawing 

IP: Specif ication of initialization of type of line to be drawn 

FXEN: Pixel mode specification 

BPFX: Specification of the number of bits in one pixel 

(3) . Paint Commands - the operation flags are shown in the figures below: 

- Non-arbitrary area paint commands 

Command 

H H 1 I 1 1 1 1 1 h 

I Operation Code I|TL|0|1|SS|WL|WR|0|0| 

H H 1 1 1 1 1 i 1 h 

6FH | 6EH 

TL: Paint by tiling specification 

SS: Color of monochromatic tiling specification 

WL: Left boundary dot paint specification 

WR: Right boundary dot paint specification 



- Arbitrary area paint commands 

Command 

H h 1 1 1 1 1 1 1 h 

I Operation Code i I TL I I 1 I SS IPMDD 10 10)0) 

i 1 1 1 1 1 1 I 1 1 1- 

6FH | 6EH 

TL: Paint by tiling specification 

SS: Color or monochromatic specification 

PMOD: Boundary color specification 
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(4). Copy Oosmands - the operation flags are shown in following figures: 



- General 



Goireoand 



++ 



+ 



Operation Code 



++ 



SD SEL 
— j 



6FH 



6EH 



V 



Sgecif ied by each 
oocimand 



J 



V 



J 



copy variation 
00: 90© rotation copy 
01: slant copy 
10: arbitrary angle 

rotation copy 
11: enlarge/shrink 

copy 



SD SEL: Copy plane specification 



- Sinple copy commands 



4+ 



■+■ 



4- 



Comnand 
— < v 



— i 1 

SD SEL | | 

— i I j 



Operation Code 



II ESE | REV | ROT | I 
■H 1 1 1 H 



6FH 



6EH 



ESE 
PEV 
ROT 



Source data reverse read specification 

Reverse specification 

Rotation: « no rotation; 1 * 180© rotation 



- 90° Rotation Copy Coimands 



Coznnand 



-H- 



+■ 



+ 



I Operation Code 



1 1 ESE | REV | ROT | 
■H 1 1 1 



SD SEL 
1 



6FH 



6EH 



ESE: Source data reverse read specification 

REV: Reverse specification 

ROT: RDtation: = 90° rotation; 1 « 270° rotation 
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- Slant Copy Oonmands 

Comroand 

h h i 1 > i 1 1 1 h 

I Operation Code 1 1 ESE I REV | RDT I | SDSEL I | I 

H H 1 1 1 1 1 i 1 h 

6FH | 6EH 

ESE: Source data reverse read specification 

REV: Reverse specification 

RDT: Rotation: ■ no rotation; 1 * 180° rotation 



Arbitrary Angle station Enlarge/Shrink Copy Commands 

Command 

h h 1 1 1 1 1 1 1 h 

I Operation Code ) | ES I SP i ESH I ESV I SDSEL I 1 I I 

•i H 1 1 1 1 -H 1 1 H 

6FH | 6EH 

ES: Enlarge/shrink or original size specification 

SF: Specification of a point not to be drawn 

ESH: Enlarge/shrink specification in horizontal direction 

ESV: Enlarge/shrink specification in vertical direction 



- Enlarge/Shrink Copy Commands 

Command 
H H , 1 , 1 i 1 1 j- 

I Operation Code 1 1 ESH I REV | RDT I ESV I SD SEL I 1 I 1 I 

h H 1 1 1 1 i 1 1 I 

6FH I 6EH 



ESH 
REV 
ROT 
ESV: 



Enlarge/shrink specification in the horizontal direction 
Reversal specification 

Rotation specif icaton: ■ no rotation; 1 * 180^ rotation 
Enlarge/shrink specification in the vertical direction 
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(5). POT/CSJT Commands - the operation flags are shown in the following figures: 



-PUT 

Command 

-i h 1 1 1 1 i h- 1 h 

t Operation Code 1 1 | REV | ROT I I S> SEL I 1 | 1 | 

i 1 1 tH 1 1 1 1 1 1 ». 

6PH i 6EH 

REV: Reversal specification 

ROT: Rotation: » no rotation; 1 « 180o rotation 

SD SEL: Copy plane specification 



- GET 

Command 

h h h- 1 1 1 1 i » i 

I Operation Code 1 1 | REV I ROT I | SD SEL I 1 | | 

•i 1 1 i 1 » 1 1 1 1 j. 

6FH | 6EH 

REV: Reversal specification 

ROT: Rotation: * no rotation; 1 * 180O rotation 

SD SEL: * Copy plane specification 



- 90o Rotation GET 

Command 

■i h 1 1 1 1 1 1 1 

I Operation Code || I REV | ROT I I SDSEL I 1 I 

H H ) 1 — — H 1 1 1 1 

6FH | 6EH 

REV: Reversal specification 

ROT: Rotation: ■ 90° rotation; 1 « 270° rotation 

SD SEL: Copy plane specification 
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4.3 Detailed Description of DRAW Commands 

4.3.1 Register Operation Connands 

(1) BEAD DP (Bead Drawing Pointer) 

MSB 6FH 6EH LSB 

A 1 1 1 \ H— I 1 1 1 1 1 1 1 1 1 h 

|0|0|0|0|0|1|0|0|0|0|0|0|0|0|0|0| 

4 1 1 1 1 1 1 1 1 1 1 ^— I 1 1 1 h 

By this conmand, the drawing pointer (X#, Y#) held in the AGDC is 
read in the register (X, Y) 

(2) READ COL (Read Color) 

MSB 6FH 6EH LSB 
H | 1 1 1 1 1 1 { ( i 1 1 1 1 1 h 

|1|0|0|1|1|1|0|0|0|0|0|0. |0|0|0|0| 

■I 1 1 1 1 H— H 1 | 1 1 1 h— i 1 1 H 

By this oomnand, the color information regarding the display memory 
location indicated by (X, Y) is read in the register 
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4*3.2 Graphics Drawing Oommands 

(1) DOT D (Dot Direct) 

MSB 6FH 6EH LSB 

A 1 1 1 I— I 1 1 1 1 1 1 1— I 1 h— + 

I I I I I 1 I I I I I I IEXEH <BPK>| | | 
4 1 1 1 1 1 1 1 1 h— I 1 1 1 >— H K 

PXEN: Pixel mode specification 
BPPX: Number of bits in one pixel 

One dot is drawn at the drawing pointer (X#, Y#) held in the AGDC. In 
this case, it is not necessary to set (X, Y) again. 



(2) A DOT M (Absolute Dot with Ftove) 

MSB 6FH 6EH LSB 
•l 1 1 \ 1 1 1 1 1 ( j j-__| ( 1 1 j. 

|0'|0|0|0|1|1|0|0|0|0|0 IRCEN <BPPX>| I I 
I I 1 1 1 h— I 1 1 H— J 1 »— I 1 1 h 

PXEN: Pixel node specification 
BPPX: Number of bits in one pixel 

One dot is drawn at the coordinate indicated by (X, Y) . Ihe drawing 
pointer (X#, Y#) is converted into (X r Y). Ifce dot which is enlarged 
by any magnification can be drawn by giving the horizontal magnification 
'MAGH' and the vertical magnificaton 'MAGV. 



(3) R DOT M (Relative Dot with *tove) 

MSB 6FH 6EH LSB 

^ 1 h— H 1 1 1 1 1 1 1 h— H h— 4 1 1- 

|0|0|0|1|0|0|0|0|0|0|0 IRCEN <BPHC>| I I 
H 1 1 1 1 1 1 1 1 1 1 1 1 li — I »- 

FXEN: Pixel mode specification 
BPPX: Nunber of bits in one pixel 

One dot is drawn at the coordinate point (X-HDX, Y+OY) generated by (X, Y) 
and (DX, DY). The drawing pointer (X#, Y#) changes to (X+DX, Y+DY). 
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(4) A LINE MO, A LINE Ml, A LINE M2 (Absolute Line with Move 0, 1 or 2) 



MSB 

H 

A Line MO f 



MSB 

H 



A Line Ml I 



+■ 



MSB 

H 

A Line M2 I 



+■ 



6FH 

H k \ 



| 1 | I 1 

_l 1 1 — 



6FH 

— +— 



I 1 I 1 I 
— I 1 1 — 



+ 



6FH 
— 4— 



■+■ 



I 1 I 1 I 1 
— I 1 1 — 



I — H 



I £S| IP| EDjBCEN <BPEK>|ESH| 1 | 



I H 



— I 1 

i ES| IP 

— I 1 



I H 



i ES| IP 
I • 



6EH LSB 

> I t 1 h 



I I 1 1- 



+ 



SEE 

4 j— 



LSB 



+ 



-*- 



■♦■ 



EDlKEN <BPHO|ESH| 1 | 
1 1 1 1 1 1. 



€EH 



LSB 



H H 



1 t 



■f 



EDlPXEN <BPHC>|ESH| 1 | 
1 1 1 1 1 h 



ES: Original size or enlargement specification 
IP: Initialization of the type of line to draw 
ED: Specification of thickening direction of line width in enlarge 

drawing 
PXEN: Pixel node specification 
BPFX: Number of bits in one pixel 
ESR: Specification of the thickness of a line to draw 

A straight line is drawn from (X, Y) as the drawing start coordinates to 
the coordinates indicated by (XE, YE). However, the coordinates (XE, YE) 
are not drawn, flie drawing pointer (X#, Y#) changes to (XE, YE). 

A straight line can be enlarged/shrunk in the drawing direction and 
enlarged in thickness by giving the horizontal magnification 'MAGH', the 
vertical magnification 'MAGV* and the thickening parameters. The 
differences among these three commands are as follows: 

A LINE MO: (X, Y) changes to (XE, YE) 

A LINE Ml: Both (X, Y) and (XS, YS) do not change 

A LINE M2: (XS, YS) changes to (X, Y) and (X, Y) changes to (XE, YE) 
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(5) A LINE DO, A LINE Dl, A LINE D2, A LINE D3 (Absolute Line Direct 0-3) 

LSB 



MSB 

H — 

A Line DO I 



-I — 

MSB 

H 

A Line Dl I 



MSB 

^ 

A Line D2 I 



MSB 
4 

A Line D3 I 



+ 



— I — 

I 1 
— I — 



H— 

I 1 

h— 



I 1 

— I — 



I 1 

— I — 



6FH 
— I— 



! 
-^H 



6FH 



| 
— I — 



II 



6PH 



— I — 

I 1 
— I — 



6FH 



1 

I 1 

— I — . 



H 1- 



+ 



| | ESI IP 
— 1 1 1 



+ 



I H 



I I ESI IP 
— I 1 1 



■+■ 



I H 



I | ES| IP 
— I 1 1 



I h 



0|0| ES| IP 
— I 1 1 



6EH 
H H— I b 



•i — 

EDIPXEN <BPBC>|ESH| 1 
1 1 1 1 1 



6EH 



LSB 



H H 



H 1 1 

EDIPXEN <BPBO|ESH| 1 
1 1 I I 1 — 



6EH 



LSB 



+ 



+ 



H H 



■+■ 



EDIPXEN <BPHC>|ESH| 1 
1 h _ < 1 , — 



6EH 



LSB 



I I 



EDIPXEN <BPK>|ESH| 1 
1 h— H 1 1 — 



ES: Original size or enlargement specification 
IP: Initialization of the type of line to draw 

ED: Specif ication of thickening direction of line width in enlarge 

drawing 
PXEN: Pixel node specification 
BPPX: Nuirber of bits in one pixel 
ESH: Specification of the thickness of the line to draw 

A straight line is drawn from (X, Y) as the drawing start coordinates to 
the coordinates indicated by (XE, YE). However, the coordinates (XE, YE) 
are not drawn. Hhe drawing pointer (X#, Y#) changes to (XE, YE), It is 
not necessary to set (X, Y) again. 

A straight line can be enlarged/shrunk in the drawing direction and 
enlarged in thickness by giving the horizontal magnification 'MAGH 1 , the 
vertical magnification *MAGV t and the thickening parameters. Ttoe 
differences among these four commands are as follows: 

A LINE DO: (X, Y) changes to (XE, YE) 

A LINE Dl: Both (X, Y) and (XS, YS) do not change 

A LINE D2: (XS, YS) changes to (X, Y) and (X, Y) changes to (XE, 2E) 

A LINE D3: The command is executed after changing (XE, YE) to 

(XS, YS). It is not necessary to set (XE, YE) again. 
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(6) R LINE MO, R LINE Ml r R LINE M2 (Relative Line with Move 0-2) 



MSB 
H — 
R Line MO I 

H 



MSB 
H 



R Line Ml | 



+■ 



MSB 
H 

R Line M2 I 



+ 



I 1 



6FH 
— 4— 



1 I 
—I 



6PH 



I 

1 I 

— I — 



6FH 
— I — 



1 I 1 

1 



H 1« 



| | ES 
—I 1 



— I — 

t 
— I — 



ES 



+■ 



I 
— I — 



ES 



6EH 
H 1 1 H 



LSB 

H , ,. 



IPi EDIPXEN <BPBC>|ESH| 1 | 
— I 1 1 1 H— H h 



H h 



6EH LSB 
— I 1 1 1 H 



IFl EDIRCEN <BPHC>|ESH| 1 I 
H— I 1 1 1 I I 



6EH 



LSB 



H 1- 



4 1 1 y. 



+ 



IPI EDIPXEN <BPHO|ESH| 1 | 
— I 1 j 1 1 1 (. 



ES: Original size or enlargement specification 

IP: Initialization of the type of line to draw 

ED: Specification of thickening direction of line width in enlarge 

drawing 

PXEN: Pixel mode specification 

BPPX: Number of bits in one pixel 

ESH: Specification of the thickness of the line to draw 

A straight line is drawn from (X, Y) as the drawing start point to the 
coordinates (X+DX, Y+DY) generated by (DX, DY). However, the coordinates 
(X+DX, YtDY) are not drawn. IJie drawing pointer (X#, Y#) changes to 
(X+DX, Y+DY). 

A straight line can be enlarged/shrunk in the drawing direction and 
enlarged in thickness by giving the horizontal magnification 'MAGH', the 
vertical magnification 'MAGV* and the thickening parameters. 

The differences among these three commands are as follows: 

R LINE MO: (X, Y) changes to (X+DX, Y+DY) 
R LINE Ml: Both (X, Y) and (XS, YS) do not change 
R LINE M2: (XS, YS) changes to (X, Y) and (X, Y) changes to 
(X+DX, Y+DY) 
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(7) R LINE DO, R LINE Dl, R LINE D2 (Relative Line Direct - 2) 



MSB 

A 



R Line DO I 



■I — 

MSB 
4 



R Line Dl I 



H — 

MSB 
H 



R Line D2 I 



+■ 



6FH 
-I h- 



1 "I 1 I 1 
1 1 



6FH 



+ 



•\ — 

| I 
— I 1 — 



6FH 



+■ 



| I 
— I 1 — 



6EH LSB 
H 1 1 1 1 1— -n j. 



| ES| IP| EDIPXEN <BPBC>|ESH 
— j 1 1 1 1 1 1 



I H 



+ 



6EH 
4 1 1 h 



I ESI IP| EDIPXEN <BPPX>|ESH| 
— I 1 1 1 1 , j— . 



6EH 



H h 



H H 



+ 



— I H 

I ESI IP| EDIPXEN <BPBO|ESH| 

— I 1 1 H— I 1 J 



LSB 



1 I 



LSB 



1 I 



ES: Original size or enlargement specification 
IP: Initialization of the type of line to draw 
ED: Specif ication of thickening direction of line width in enlarge 

drawing 
PXEN: Pixel mode specification 
BPEX: Number of bits in one pixel 
ESH: Specification of the thickness of the line to draw 

A straight line is drawn from (X, Y) as the drawing start point to the 
coordinate (X+DX, Y+DY). Ohe point (X+DX, Y«H)Y) is not drawn. The 
drawing pointer (X#, Y#) changes to (X-H)X f Y+DY). It is not necessary to 
set (X, Y) again. 

A straight line can be enla rgedy shrunk in the drawing direction and 
enlarged in thickness by giving the horizontal magnification 'MAGH', the 
vertical magnification 'MAGV 1 and the thickening parameters. 

The differences among these three commands are as follows: 

R LINE MO: (X r Y) changes to (X+DX, Y+DY) 
R LINE Ml: Both (X, Y) and (XS, YS) do not change 
R LINE M2: (XS, YS) changes to (X, Y) and (X, Y) changes to 
(X+DX, Y+DY) 
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(6) A REC (Absolute Rectangle) 

MSB 6FH 6EH LSB 

H » 1 1 1 1 H— < 1 1 1 1 1 H— I 1 H 

| I 1 | | | 1 I I | | ESI IP| IPXEN <BPHO|ESH| 1 | 
H 1 1 1 1 1 1 1 1— | 1 H— I 1 1 1 h 

ES: Original size or enlargement specification 

IP: Initialization of the type of line to draw 

FXEN: Pixel node specification 

BPPX: Number of bits in one pixel 

ESH: Specification of the thickness of the line to draw 

A rectangle defined by (X r Y) as the drawing start coordinates and the 
diagonal coordinates (XS, YS) is drawn. A straight line enlarge/shrink in 
the drawing direction (by so doing, (XS, YS) does not change but the 
diagonal coordinates change) and enlarged in thickness can be drawn by 
giving the horizontal magnification 'MAGH 1 and the vertical magnification 
•MftGV. 



(9) R REC (Relative Rectangle) 

MSB 6FH 6EH LSB 
a 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 h 

I I 1 I | | 1 I 1 I | | ESI IPj IPXEN <BPBC>|ESH| 1 | 
•I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1- 

ES: Original size or enlargement specification 

IP: Initialization of the type of line to draw 

PXEN: Pixel mode specification 

BPPX: Nunber of bits in one pixel 

ESH: Specification of the thickness of the line to draw 

A rectangle defined by (X, Y) as the drawing start coordinates and the 
diagonal coordinates (X+DX, Y+DY) generated by (DX, DY) is drawn. A 
rectangle enlarge/shrink in the drawing direction (by so doing, (X+DX, 
Y+DY) does not change, but the diagonal coordinates change) and enlarged 
in the thickness direction can be drawn by giving the horizontal 
magnification 'MAGH* and the vertical magnification •MfiGV. 
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(10) CFL (Circle) 



MSB €FB 6EH LSB 

+— I 1 1 1 H— tH 1 1 1 1 H— H 1 1 1 1 

I | 1 | | 1 | I | | | CPI IP| IHCEN <BPHO| | | 
4 1 1 I I I »— H 1 h— I 1 1 1 i 1 \- 

CF: Clockwise or counterclockwise drawing specification 
IP: Initialization of the type of line to draw 
PXEN: Pixel node specification 
BPFX: Nunber of bits in one pixel 

A circle defined by the center coordinates (XC, YC) and the radius (DX) is 
drawn. 



(11) ARC (Circle Arc) 

MSB 6FH 6EH LSB 

+— ) 1 1 1 1 1 1 1-— H H— l 1 1 1 1 \r 

I I 1 | ! 1 | | 1 | | | CF| IPl IFXEN <BPRO| I I 
H i 1 1 1 1 1 1 1 1 1 1 1 H— < 1 h 

CF: Clockwise or counterclockwise drawing specification 
IP: Initialization of the type of line to draw 
PXEN: Pixel node specification 
BPFX: Nunber of bits in one pixel 

A circle arc defined by the center coordinates (XC, YC), the radius (DX), 
the drawing start coordinates (XS, YS) and the drawing end coordinates 
(XE, YE) is drawn. 
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(12) CSBC (Circle 9ector) 

MSB 6PH 6EH LSB 
H , , 1 1 1 1 1 J_| 1 1 j , , , ^ 

I I 1 I | 1 | 1 I | | 1 CP| IPI IHEN <BPBC>| | I 
I I 1 1 1 I— I 1 1 1 1 1 1 1 1 1 J- 

CP: Clockwise or counterclockwise drawing specification 
IP: Initialization of the type of line to draw 
FXEN: Pixel mode specification 
BPPX; Number of bits in one pixel 

A sector defined by the center coordinates (XC, YC) , the radius (DX) , the 
circle arc drawing start coordinates (XC, YC) and the circle arc drawing 
end coordinates (XE, YE) is drawn. 



(13) CBOW (Circle Bow) 

MSB 6FH 6EH LSB 
^ 1 h 1 1 1 1 1 j 1 1 ( 1 1 1 1 y 

I I 1 I I -1 1 1 I I 1 I I CPI IPt iPXEN <BPHO| | I 

H 1 1 1 1 1 1 1 I 1 1 1 1 H— I 1 h 

CF: Cloclcwise or counterclockwise drawing specification 
IP: Initialization of the type of line to draw 
PXEN: Pixel node specification 
BPPX: Number of bits in one pixel 

A circle bow defined by the center coordinates (XC, YC) , the radius (DX) , the 
circle arc drawing start coordinates (XC, YC) and the circle arc drawing 
end coordinates (XE, YE) is drawn. 
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(14) ELPS (Ellipse) 



MSB 6FH 6EH LSB 

4— I 1 H— H 1 1 1 1 1 1 1 1 1 1 1 h 

I I 1 I | 1 | 1 | 1 | | | CP| IPj IPXEN <HPBO| I | 
H 1 1 i | 1 1 1 j 1 1 i — i 1 1 1 h 

CP: Clockwise or counterclockwise drawing specification 
IP: Initialization of the type of line to draw 
PXEN: Pixel node specification 
BPFX: Number of bits in one pixel 

An ellipse defined by the center coordinates (XC, YC) , the radius in the X 
axis direction (DX) , the radius in the Y axis direction (DY) , the square 
ration of the radius in the X axis and the square ratio of the radius in 
the Y axis direction is drawn (DH : DV * DX 2 : DY 2 ) . 



(15) EABC (Ellipse Arc) 

MSB 6FH 6EH LSB 

•I j— —J 1 h- — I 1 1 |— H 1 1 1 1 1 1 h 

I I 1 I 1 I I I | I I GPI IPI IKCEN <BPHO| ] I 

H 1 i H— — I 1 1 1 1 1 1 1 H— I 1 1 H 

CF: Clockwise or counterclockwise drawing specification 
IP: Initialization of the kind of line to draw 
PXEN: Pixel mode specification 
BPPX: Number of bits in one pixel 

An ellipse arc defined by the center coordinates (XC, YC), the radius in 
the X direction (DX) , the radius in the Y direction (DY) , the square ratio 
of the radius in the X axis (DH), the square ratio of the radius in the Y 
axis direction (DY), the drawing start coordinates (XS, YS) and the 
drawing end coordinates (XE, YE) is drawn (DH : DV.* DX 2 • DY 2 ). 
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(16) ESBC (Ellipse Sector) 

MSB 6FH 6EH LSB 

•I 1 1 1 1— I H— i 1 1 1 1 1 1 1 1 k 

I I 1 | 1 I | I 1 I | I CP| IP| IBOSN <BPHO| I { 
H 1 1 1 H— I 1 1 1 h— i 1 1 1 j 1 h 

CF: Clockwise or counterclockwise drawing specification 
IP: Initialization of the kind of line to draw 
PXEN: Pixel mode specification 
BPFX: Number of bits in one pixel 

An ellipse sector defined by the center coordinates (XC, YC) , the radius 
in the X axis direction (DX) , the radius in the Y axis direction (DY) , the 
square of the radius in the X axis direction (DH) , the square of the 
radius in the Y axis direction (DV) , the ellipse arc drawing start 
coordinates (XS, YS) and the ellipse arc drawing coordinates (XE, YE) is 
drawn (DH : DV * DX2 : DY2) . 

(17) EBOW (Ellipse Bow) 

MSB 6FH 6EH LSB 

H 1 i i 1 1 1 1 1 i 1 \ 1 1 1 1 1- 

I | 1 | 1 | | I | j | CFI IP | IPXEN <BPHC> I I I 
H 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i h 

CF: Clockwise or counterclockwise drawing specification 
IP: Initialization of the kind of line to draw 
PXEN: Pixel mode specification 
BPPX: Number of bits in one pixel 

An ellipse bow defined by the center coordinates (XC, YC) , the radius in 
the X direction (DX) , the radius in the Y direction (DY) , the square ratio 
of the radius in the X axis (DH) , the square ratio of the radius in the Y 
axis direction (DY) , the ellipse arc start coordinates (XS, YS) and the 
ellipse arc end coordinates (XE, YE) is drawn (DH : DV « DX2 • dy 2 ) . 
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4.3.3 Paint Commands 

(1) PAINT (Arbitrary Faint within Enclosed Pattern) 

MSB 6FH 6EH LSB 

H H— H 1 1 1 H 1 1 1 1 1 1— H 1 1— f 

I I 1 I 1 I I 1 I I I I TL| | 1 I SSIPHD | | | 
^ 1 1 h *_n 1 1 1 1_| h— H 1 1— H h 

TL: Specif icat ion of painting by tiling 

SS: Color or monochromatic tiling specification 

PMX: Boundary color specification 

An enclosed area between the boundary points is painted starting from the 
coordinates (X, Y) • The boundary color is specified by DX (the DX 
specification is not required for painting with the color different from 
the boundary color). 



(2) A EEC FILL (Absolute Rectangle Fill) 

MSB 6FH 6EH LSB 

H 1 H— i 1 1 1 1— | 1 H— I 1 1 1 1 h 

I 1 10 I J | 1 | 1 ) I | TL\ I 1 | SS| WL| WR|FAST | 
H 1 1 1 1 1 1 1 -| 1 1 1 1 1 1 1 Y 

TL: Specification of painting by tiling 
SS: Color or monochromatic tiling specification 
WL: Specification of whether to paint on left edge 
WR: Specification of whether to paint on right edge 
FAST: Specification of normal or fast fill speed 

A rectangle defined by the screen upper left coordinates (X, Y) as the 
drawing start coordinates and the screen lower right coordinates (XS, YS) 
as the diagonal coordinates is painted. 
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(3) R BBC FILL (Relative Rectangle Fill) 

MSB 6FH 6EH LSB 
H 1 1 1 1 1 1 H— |— H 1 1 1 H 1 1 h 

|1|0|0|1|0|0|0|0|0L| 0111 881 WLI WRlFAST | 
H 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 j. 

TL: Specification of painting by tiling 
SS: Color or nonochronatic tiling specification 
WL: specification of whether to paint on left edge 
WR: Specification of whether to paint on right edge 
FAST: Specif ication of normal or fast fill speed 

A rectangle defined by the screen upper left coordinates (X r 7) as the 
drawing start coordinates and the screen lower right coordinates generated 
by (DX, DY) as the diagonal coordinates (X+DX, Y+DY) is painted. 

(4) CRL FILL (Circle Fill) 

MSB 6FH 6EH LSB 
•l 1 1 1 j- — j- — | 1 1 1 1 i i 1 1 1 j- 

I I 1 I | 1 I i | | j TL\ I 1 | SSI WRj WLj | | 
H 1 1 1 1 \ 1 1 j 1 1 1 1 1 j j h 



TL 
SS 
WL 
WR 



Specif ication of painting by tiling 
Color or monochronatic tiling specification 
Specification of whether to paint on left edge 
Specification of whether to paint on right edge 



A circle defined by the center coordinates (XC, YC) and the radius (DX) is 
painted. 
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(5) ELPS FILL (Ellipse Fill) 

MSB 6FH 6EH LSB 

H »— I 1 1 I i 1 1 >— I 1 1 1 1 1 \- 

I | 1 I | 1 | 1 I 1 I I J TLl | 1 | SS| WL| WR| | | 
•I i 1 1 1 1 >-— * j 1 1 »— I H— I 1 h 

d: Specification of painting by tiling 

SS: Color or monochromatic tiling specification 

WL: Specification of whether to paint on left edge 

WR: Specification of whether to paint on right edge 

An ellipse defined by the center coordinates (XC* YC), the radius in the X 
axis direction (DX) , the radius in the Y axis direction (DY) , the square 
ratio of the radius in the X axis direction (DH) and the square ratio of 
the radius in the Y axis direction (DV) is painted (DH : DV * DX 2 : DY 2 ). 
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(6) A TBI FILL (Absolute Triangle Fill) 

MSB 6FH 6EH LSB 
H h— I 1 1 1 1 1 1 1 1 1 1 1 >— i h 

IOI1I1IOI1I1IOIOI0LI 0|1| 881 NLINRI 0101 
I I I H— \ 1 1 1 1 I I < 1 1— H 1 h 

TL: Specification of painting by tiling 

SS: Color or nonochromatic tiling specification 

WL: Specif ication of whether to paint on left edge 

WR: specification of whether to paint on right edge 

A triangle defined by the three coordinates (X, Y) , (XS, XS) and (XC, YC) 

is painted. 



(7) A TRA FILL (Absolute Trapezoid Fill) 

MSB 6FH 6EH LSB 
^ 1 1 j 1 ( h—h 1— H 1 1 1 1 1 1 h 

I I 1 I 1 I 1 I I I I I ZLI I 1 J SSI KLI NR| I I 
-i 1 1 1 H 1 1 1 1 1 I 1 1 1 1 1 h 

TL: Specif ication of painting by tiling 

SS: Color or nonochronatic tiling specification 

WL: Specification of whether to paint on left edge 

WR: Specification of whether to paint on right edge 

A trapezoid defined by 6 kinds of parameters showing four coordinates (X, 
Y), (XS, Y), (XC, YE) and (XE, YE) is painted. 
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(8) RTRAFILL (Relative Trapezoid Fill) 

MSB 6FH 6EH LSB 

H 1 1 j_| h— * 1 1— I 1 1 1 1 1 H— H- 

I | 1 I 1 | 1 | I 1 I | | TL| | 1 | SSI WL| WRl | | 
H 1 1 , 1 1 h j J 1 j_h j , , , h 

TL: Specification of painting by tiling 

SS: Color or monochromatic tiling specification 

WL: Specif ication of whether to paint on left edge 

WR: Specification of whether to paint on right edge 

A trapezoid defined by the screen upper left coordinates (X, Y), the 
screen upper right coordinates (XS, Y), the height (DY) r the distance from 
the screen lower left point to the X axis (OX) and the distance from the 
screen lower right point to XS (XC) is painted. 
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4.3.4 COPY Commands 

(1) A COPY AA (Absolute Copy Address to Address) 

MSB 6FH 6EH LSB 
4 h_* 1 1 1 1 1 1 1 1 1 , , , , ,. 

|0|1|1|1|1|0|0|0|0|0|0|0|SDSEL|0|0| 
4 1 1 1 1 1 1 1 J 1 1 1 1 1 1 1 (. 

SD SEL: Transfer plane specf ication 

Hie data in a rectangular area defined by the address (EK)2) of the 
transfer start word of the display memory, the address (dAD2) of the 
transfer start dot in the word, the number of the dots in the horizontal 
direction 'DH' and the number of the dots in the vertical direction 'DV 
is transferred to a rectangular area defined by the address (EAD1) of 
other transfer start word, the address 'dADl' of the transfer start dot in 
the word, •DH 1 and 'DV*. 



(2) A COPY CA (Absolute Copy Coordinate to Address) 

MSB 6FH 6EH LSB 
•I 1 1 1 1 H 1 1 j H— H h— 4 1 1— H h 

I I 1 I 1 I 1 I 1 I I I I | I I I I ED SELI I I 
4 1 1 1 1 1 1 1 j— | 1 1 1 1 1 1 h 

SD SEL: Transfer plane specf ication 

The data in a rectangular area defined by the transfer start coordinates 
(XS, YS) on the display memory, the number of dots in the horizontal 
direction 'DH 1 and the number of dots in the vertical direction 'DV is 
transferred to another rectangular area defined by the address 'EAD1 1 of 
the transfer start word, the address 'dADl 1 of the transfer start dot in 
the word, 'DH' and W. 
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(3) A COPY AC (Absolute Oopy Address to Coordinates) 

MSB 6FH 6EH LSB 
H 1 J— I 1 1 1 1 1 1 h— H 1 1 1 1 1. 

1X10.10 10 IQ.IO 10 |0 |0 |0 |0 10 IfiD fiEE.K | | 

4 1 1 1 1 1 1 1 — | — i 1 1 1 1 ( 1 ,. 

SD SEL: Transfer plane specf ication 

The data in a rectangular area defined by the transfer start coordinates 
(XS, YS) in the display memory, the number of dots in the horizontal 
direction 'DH' and the number of dots in the vertical direction 'DV is 
transferred to a rectangular area defined by the other transfer start 
coordinates (X, Y), , DH I and 'DV. 



(4) A COPY CC (Absolute Copy Coordinate to Coordinate) 

MSB 6FH 6EH LSB 
H 1 1 1 h— H 1 1 1 1 1 1 1 1 1 1 h 

I 1 I | | | | 1 | | I | | | I SD SEL I I I 
H h 1 1 1 1 1 1 1 1 1 1 I t I 1 H 

SD SEL: Transfer plane specf ication 

lfte data in a rectangular area defined by the transfer start coordinates 
(XS, YS) in the display memory , the number of dots in the horizontal 
direction 'DH' and the number of dots in the vertical direction 'DV is 
transferred to a rectangular area defined by the other transfer start 
coordinates (X, Y), 'DH* and 'DV. 
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(5) R OOFY OC (Relative Copy Coordinate to Coordinate) 

MSB 6PH 6EH LSB 
4—4 H— I 1 *— — - < 1 1 1 H— I H— I 1 1 h 

lllOIOlOlllOIOIOIOIOIOIOIflDSELlOIOI 
H *• 1 1 1 I I 1 1 1 1 1 1— H 1 1 h 

SD SEL: Transfer plane specfication 

The data in a rectangular area defined by the transfer start coordinates 
(XS, YS) in the display memory, the number of dots in the horizontal 
direction 'DH 1 and the number of dots in the vertical direction 'DV* is 
transferred to a rectangular area defined by the other start coordinates 
(XS+XCr YSfYC) generated by (XS, YS) r (XC, YC), and W and 'DV 1 . 



(6) Copy function extensions 

The function of each COPY connand can be extended by changing the lower 2 
bits of the connand code. This extension is defined in the lower byte 
(6EH) of the connand register • 

(a) 9QO COPY (90° Rotation Copy) 

MSB 6EH LSB 
+- 1 1 1 i 1 1 1 »■ 

IESE IREV (ROT | 1 | SD SEL I |0 I 
■I 1 1 1 1 1 1 1 h 



ESE 
REV 

ROT 



Reverse data read specification 
Reversal specification 
Rotation angle specification 



SD SEL: Transfer plane specfication 
Hie transfer area is rotated by 90°. 
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(b) SSL OQPY (Slant Copy) 

MSB 6EH LSB 

I ) 1 ■ 1 1 1 1 1 h 

IESE |R£V IHOT I | SD SEL | | 1 | 

I 1 1 1 1 I 1 1 1 

ESE: Reverse data read specification 

REV: Reversal specification 

ROT: Rotation angle specification 

SD SEL: Transfer plane specf ication 

The data in a rectangular area in the display memory is slanted by 'DX* in 
the X axis direction according to the change in the Y axis direction to 
transfer it into a parallogram area. 



(c) £S COPY (Enlarge/Shrink Copy) 

MSB 6EH LSB 
H 1 1 1 1 1 1 1 1. 

|ESH IREV (ROT |ESV | SD SEL | 1 | 1 | 
H 1 1 H 1 1 1 1 H 

ESB: Enlarge/shrink specification (horizontal direction) 

PEV: Reversal specification 

RDT: Rotation angle specification 

ESV: Enlarge/shrink specification (vertical direction) 

SD SEL: Transfer plane specf ication 

The transfer area is enlarged/ shrunk by any magnification by giving the 
horizontal magnification 'MASH 1 and the vertical magnification 'MASV 
factors. 
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(d) FR £S COPY (Free Angle Rotation Enlarge and Shrink Copy) 

MSB 6EH LSB 

•* 1 1 I > i I I K 

I ESH| ESVi PS I 1 | 8D flEL I 1 | | 

I I 1 I 1 I 1 1 I 

ESH: Enlarge/shrink specification in horizontal direction 

ESV: Enlarge/shrink specification in rertical direction 

SF: Specification of point not to be drawn 

SD SEL: Transfer plane specf ication 

The transfer area is rotated by any angle are enlarged/shrunk by giving 
the horizontal magnification 'MAGS', the vertical magnification 'HAGV , 

and the angle defined by DX and DY. 
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4.3.5 POT/GET Oomnands 

(1) POT A (Put Data to Address Field) 

MSB 6FH 6EH LSB 

H 1 I I I I I I i I 1 I 1 I — -H 1 h 

I 1 I | I 1 I | 1 | | I IFEVIRDTI | SD SEL| 1 | I 

I I I 1 »— H 1 1 1— t I 1 I I I 1 1- 

SEV: Reversal Specification 
R7T: Rotation Specification 
SD SEL: Transfer plane specfication 

She data from the host system is transferred to a rectangular area defined 
by the address f EADl' of the transfer start word in the display memory/ 
the address 'dADl' of the transfer start dot in the word, the number of 
dots in the horizontal direction , DH f and the number of dots in the 
vertical direction 'DV . 



(2) POT C (Put Data to Coordinate Field) 

MSB 6FH 6EH LSB 

4 1 1 1 1 ( 1 1 |_i 1 1 1 1 1 1 (- 

I 1 I 1 I 1 I I 1 I 1 i 1 IREVIRDTI I SE SELi 1 I I 

H 1 H— H 1 1 1 1 | 1 1 1 1 1 1 H (- 

KEV: Reversal Specification 
ROT: Rotation Specification 
SD SEL: Transfer plane specfication 

The data from the host system is transferred to a rectangular area defined 
by the transfer start coordinates (X, Y) of the display memory, the number 
of dots in the horizontal directions 'DH' and the number of dots in the 
vertical direction 'DV . 
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(3) GET A (Get Data from Address Field) 

MSB 6FH 6EH LSB 
H ( 1 1 \ h— H 1 1 1— I 1 H—i 1 1 h 

|l.|0|0tl|l|0|0|0|0 iREV|IBT| I SD SELI 1 I I 
•I 1 I I I 1 h— i 1 1 1 h— -i 1 1 1 h 

REV: Reversal Specification 
SOT: Rotation Specification 
SD SEL: Transfer plane specf ication 

The data from the host system is transferred to a rectangular area defined 
by the address 'EAD1* of the transfer start word in the display memory, 
the address 'dADl' of the transfer start dot in the word, the nuntoer of 
dots in the horizontal direction 'DH' and the nunber of dots in the 
vertical direction •DV* . 



(4) GET C (Get Data from Coordinate Field) 

MSB 6FH 6EH LSB 
^ 1 -| 1 — | i 1 1 1 1 1 1 1 H— I 1 H 

|1|0|0|1|1|0|1|0|0 IFEVIRDTI | 3D SEL I 1 | | 

H 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 y 

REV: Reversal Specif ication 
HOT: Rotation Specification 
SD SEL: Transfer plane specf ication 

The data from the display memory is transferred to the host system from a 
rectangular area defined by the transfer start coordinates (X, Y) of the 
display memory, the number of dots in the horizontal directions 'DH' and 
the number of dots in the vertical direction 'DV. 
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4*4 How to Use the Flao Bits 



(1) PXEN: Pixel Drawing Enable 

(2) BPFX: Bits per Pixel 

Sixteen pixels are assigned to one 16-bit word in the display memory 
controlled by the AGDC principally to construct the plane configuration. 
Die number of bits per pixel can easily be extended by increasing the 
number of planes in the display memory. In the packed configuration, in 
which each pixel is assigned to one word, straight lines, rectangles, 
circles, circle arcs, circle bows, arc sectors, ellipses, ellipse arcs, 
ellipse bows and ellipse arc sectors can still be drawn. 

Hie plane or the pixel configuration is selected by FXEN and the number of 
bits in one pixel is defined by BPBC. 



1 1 1 

1 BPPX | PXEN 


N bits/pixel 1 


1 XX I 

I 00 | 1 
1 01 | 1 
1 10 | 1 
I 11 1 1 

t l '• — I 


1 I 

2 1 
4 I 
8 | 

16 I 
i ■ i 



(3) ES: Enlarge/Shrink 

(4) ESH: Enlarge/Shrink Horizontal 

(5) ESV: Enlarge/Shrink \fertical 

Whether or not the enlarge/shrink function by any magnification (16/N or 
ty/16, N an integer between 1 and 16) is enabled is determined by ES. lhe 
enlarge/shrink in the horizontal direction is selected by ESH. ttie 
enlarge/shrink in the vertical direction is selected by ESV. The 
horizontal magnification and the vertical magnification are set by the 
MAGH and MAGV registers, respectively. 
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., 

I ES 


H 1 

t BSB 

1 x 

I o 

1 1 
1 x 
1 x 

H 1 


ESV 


Function I 


i o 

I 1 
I 1 
I 1 

I 1 

j 


1 x 

X 
X 

1 o 
1 1 


No enlarge/shrink I 
Horizontal shrink I 
Horizontal enlarge | 
Vertical shrink I 
Vertical enlarge | 



-i 1- 



ESH = 



H b 



I 1 I— H 1 t- 

! I 1 | 2 | 3 I 4 | 5 | 6 | 7 | 8 | 9 110 111 |12 113 114 |15 i 



MAGE 



iMagnificationU U 1-1 IJL I -SL I.* 1-1 IJ. IJL I1Q. 111 112 111 01 ll£ III I 
I 116 116 116 116 |16 116 116 |16 |16 |16 |16 116 |16 |16 116 116 I 

H h- — I 1 1 1 1 1 1 1 1 — -H 1 1 1 1 1 h 



-H 



ESH = 1 



H H 



+ 



-t- 



+ 



■+- 



+ 



+ 



•i h 



I MAGH 115 114 113 |12 111 110 | 9 I 8 | 7 I 6 I 5 I 4 | 3 i 2 I 1 I | 

iMagnificationlli il£ |j£ ll£ ll£ ll£ ll£ Il£ ll£ Jl£ ll£ ll£ ll£ llfi. Il£ lli I 
I 116 115 114 113 112 111 110 | 9 | 8 | 7 I 6 I 5 | 4 I 3 I 2 | 1 I 

I I 1 1 \ I I I 1 1 H— H 1 1 1 1 1 h 
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|Magnification|_l |j& |JL 1-1 U ! JEL 1.2 U l-i llfi. Ill 112 111 111 115. llfi. I 
I |16 (16 116 116 |16 116 116 |16 116 |16 |16 |16 |16 116 |16 116 I 



H h 



H b 



H b 



H H 




(Magnification ll£ llfi. llfi. llfi. llfi. llfi. llfi. llfi. llfi. llfi. llfi. llfi. llfi. llfi. llfi. llfi. I 
I 116 115 114 113 112 111 110 I 9 I 8 | 7 I 6 I 5 I 4 I 3 I 2 I 1 I 

4 1 h^—i j 1 1 1 1 1 1 1 1 1 1 1 1 1- 



When enlarging straight lines or rectangles, the enlarge/shrink 
magnification of 16/N or W16 of the line pattern is defined by MAGH. The 
integral magnification of the line width is defined by MftGV. 



MAGV 
I 

I 



MAGH-12/16 



X: Specified start 
position 

Al A : Specified end 
position 



] C 



Original line 



] C 



pattern 



4-34 



Advanced Graphic Display Controller 

(6) ED: Enlargement Direction 

ED selects the widening direction of a straight line drawing, as shown in 
the following table: 




I I +X | +Y"| -X I +Y 



-h 



I I 

I 1 I -X | -Y | +X I -Y 



-X 



-Y I +X I -Y 



1 1 1. 

+Y I -X I +Y I 



+X 



+ 



+ 



■+■ 



■+ 



+ 



X 



SP Quadrant Definition 



*F*V 




XF Quadrant Definition 



(7) IP: Initial Pattern Pointer 

This bit selects the initialization/non-initialization of the pointer 
which specifies the drawing of a specific bit in the register storing the 
type of line (dotted, alternate long and short dashed, etc). In the case 
of drawing a folded line graph, etc., an alternate long and short dashed 
line is still drawn after passing the end point if this pointer is not 
initialized. 



i i 
I IP I 



Function 

Esassssasssx 



I i The pattern pointer is not initialized 

H 1 



I 1 I The pattern pointer is initialized 

^ i 
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(8) CP: Clockwise Flag 

ftiis bit selects the drawing direction of a circle, ellipse, etc. 



4 H 



CF | Drawing direction 



a»4-i 



I | Counterclockwise 

•i 1 

I 1 I Clockwise 

H , 



(9) 1L: Tiling Pattern 

(10) SS: Single Source Pattern 

This bit selects the pattern in painting. The following three selections 
are possible: 



-1 1 1 h 

1 TL I SS I Selection I 


1 I I Not used i 


j I 1 | The same pattern set in the 'PTOCNr 1 register 1 
1 1 I referred to for all the planes I 


! 1 1 | The pattern stored in the display memory is I 
1 I 1 read each time for each plane referred to it I 


111 1| The same pattern stored in the display memory 1 

1 I j is referred to for all the planes i 

^ 1 1 ; ». 



1o clear all the planes to *0', set TL *= and SS « 1, then it is not 
necessary to frequently read the pattern to be painted. This will allow 
the planes to be cleared quicker. When it is necessary to paint with a 
different color for each bit, set TL « 1 and SS ■ 0. 
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(11) HCD: Paint Node 

This bit selects one of the two types of arbitrary enclosed areas shown in 
the following table: 



PKX> 



Type of area 

Ohe boundary color is retrieved according to the 
type of boundary color preliminarily given and 
the space between the boundary points is painted 



2he color information at the start point of the 
boundary point retrieval. The boundary point is 
retrieved for all the colors other than the color 
of the boundary and the space between the 
boundary points is painted 
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(12) WL: Write Left 

(13) WR: Write Right 

These bits specify the drawing of points on the boundary line in a 
quadrangle , circle, ellipse, triangle and trapezoid fill. 



WL 



Function 



The points on the left boundary line 
are not painted 



The points on the left boundary line 
are also painted 



WR 



Function 



The points on the right boundary line 
are not painted 



The points on the right boundary line 
are also painted 



XO##«#«OX 
XO«###«OX 
XO#«#«OX 

xommmmmox 

L 



Right boundary line 



-Left boundary line 



WL-0, WR-0 



X«#####OX 
X##«««#OX 
X«**««*OX 
X«#«###OX 

Ui 



ght boundary line 



•Left boundary line 



WL-1, WR«0 



XOt««ft«X 
XO##»###X 
XO######X 



Right boundary line 



•Left boundary line 



WL-0, WR-1 



L 



Right boundary line 



-Left boundary line 



WL-1, WR-1 
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(14) ESE: Exchange Start with End 

This bit defines the reading order of the source data in the copy 
operation. 



x************ 
""** 

** 

********** 

** 

** 

** 



ESE-0 



ESE-l 



************ 

** 

** 

********** 

** 

** 

** X 



X : Reading start point 



(15) FEV: Reverse 

This bit defines the use of the reverse drawing in the copy operation. 



x************ 
"** 

** 

********** 

** 

** 

** 



REV-0 



REV-1 



************x 

**"* 
** 
********** 
• * 
** 
** 



X : Drawing start point 
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(16) ROT: Rotation 



©lis bit defines the use of the 180o rotation drawing in the copy 
operation. 



x************ 
*"** 

** 

********** 

** 

** 

** 



ROT-0 



ROT-1 



** 

** 
** 
********** 
** 
** 
************X 



X : Drawing start point 



(17) SD SEL: Source Destination Mode Select 

This bit selects the data transfer mode between the planes as shown in the 
table below (please refer to the section on inter-plane data transfer): 



SD SEL 



Function 



00 



Single source and destination 



01 



Multiple sources 



10 



Multiple destinations 



11 



Multiple sources and destinations 
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(18) PS: Pill Shortage 

When the coordinate conversion is made during the arbitrary angle rotation 
copy, some points may not be drawn. This bit specifies whether to draw 
these points or not. 



I PS I Function 

i I Points drawn I 

i i 1 

I 1 I Points not drawn I 

h 1 h 

OOOO 
OQO%f 

oooo###oooo 
••••ooot«tt 

0000«««*rOOOO 
••••<rOOO#««« 

oooo##«oooo 

••••000*««## 
0000<r««*0000 

<r : The points ••••° 25JJ£ 

••••ooo 

OOOO 



(19) PUT: Put 



This bit specifies the transfer by the PUT command or transfer by the CST 

conrrand. 



I POT I Function 



! | Transfer by GET 

•\ I 



I 1 I Transfer by PUT 
h 1 
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(20) FAST: Fast 



©lis bit specifies the normal or fast node for drawing, 



4 

I FAST 

I 



Function 



BoaBBaaaaf 



Normal speed 



I 1 



Fast speed 



However, the FAST mode cannot be used for all drawing operations: 

EEC FILL: The FAST mode cannot be used if clipping or painting 

with a tiling pattern. It can only be used for replacing data. 

COPY: The FAST mode can be used only for ordinary COPY with replace. It 
cannot be used with other COPY operations or with multiple sources. 
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4.S Painting Pattern Beferenoe Entire 



(1) TL - 0, SS « 1 

In this case, the contents of the 16-bit register, FTNCMT, in the AGDC is 
referred to as the painting pattern. When painting two or more planes is 
specified, painting is made in the same pattern. 

Parameters to be set: 

(A) Plane to be selected in drawing ... PIANES 

(B) Maximum number of planes to be selected in drawing . . . PMAX 

(C) Painting pattern to be referred to ... PlNCNr 

Drawing Example: 

PIANES = 7, PMAX = 4, PTNCNT * 5555H 



10101010101010101010 
10101010101010101010 
10101010101010101010 
10101010101010101010 
10101010101010101010 

First plane 



10101010101010101010 
10101010101010101010 
10101010101010101010 
10101010101010101010 
10101010101010101010 

Second plane 



10101010101010101010 
10101010101010101010 
10101010101010101010 
10101010101010101010 
10101010101010101010 

Third plane 
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(2) TL « 1, SS » 1 



In this case, nultiple painting patterns previously stored in the display 
memory are referred to. She painting pattern is automatically updated 
according to the move of the Y coordinate. When painting covering two or 
more planes is specified and when the Y coordinates are the same, the same 
pattern is referred to. 

Parameters to be set: 

(A) Plane to be selected in drawing ... PLANES 

(B) Maximum number of planes to be selected in drawing ... PMAX 

(C) The first address of the display memory containing 

the pattern ... P2NP 

(D) The number of words to be repeated for the painting 

pattern ... PHOT 

Drawing Example: 

PLANES - 7, PMAX « 4, TOOT "4 



10011001100110011001 
01100110011001101100 
00110011001100110011 
10011001100110011001 
10011001100110011001 



First plane 



10011001100110011001 
01100110011001101100 
00110011001100110011 
10011001100110011001 
10011001100110011001 



10011001100110011001 
01100110011001101100 
00110011001100110011 
10011001100110011001 
10011001100110011001 



Second plane 



Third plane 



PTN-P 



1001100110011001 
1100110011001100 
0110011001100110 
0011001100110011 



PTN CNT-A 
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(3) TL « l r SS » 



The multiple painting patterns previously stored in the display memory are 
referred to. The painting pattern is automatically updated according to 
the move of the Y coordinate. When painting covering two or more planes 
is specified, the painting pattern corresponding to each plane is referred 
to. 

Parameters to be set: 

(A) Plane to be selected in drawing ... PLANES 

(B) Maximum number of planes to be selected in drawing • . • PMAX 

(C) The first address of the display memory containing 

the pattern ... PTNP 

(D) The number of words to be repeated for the painting 

pattern ... FTNCNT 

(E) The address displacement between the painting pattern 

prepared for each plane ... FDISPS 

Drawing Examples: 

PLANES « 7, PMAX « 4, PTM3JT = 4, FDISPS « 4 



1001100.1100110011001 
11001100110011001100 
01100110011001100110 
00110011001100110011 
10011001100110011001 



First plane 



10000111100001111000 
11000011110000111100 

nioooomiooooiiiio 

11110000111100001111 
10000111100001111000 



Second plane 



10101010101010101010 
01010101010101010101 
00101010101010001010 
00010101010100010101 
10101010101010101010 



Third plane 



PTN-P 



1001100110011001 
1100110011001100 
0110011001100110 
0011001100110011 



1000011110000111 
1100001111000011 
1110000111100001 
1111000011110000 



1010101010101010 
0101010101010101 
0010101010101010 
0001010101010101 



PTN CNT-4 



PDISPS-4 
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4.6 Inter-plane Data Transfers 



*-16 kinds of 
logical opera- 
tion by MODO 
and MODI. 



Source Destination 

(1) Single Source and Destination 



Up to 16 

planes 

transferrable 

continuously 



j-16 kinds of 
logical opera- 
tion by MODO. 



Source 



16 kinds of 
logical opera- 
tion by MODI. 

Destination 



(2) Multiple Source 



Up to 16 planes 
transferrable 
continuously 



Up to 16 planes 
transferrable 
cont inuously^ 






16 kinds of 
logical opera- 
tion by MODO 
and MODI. 



Source Destination 

(3) Multiple Destination 



16 kinds of 
logical opera- 
tion by MODO 
and MODI. 



Source Destination 

(A) Multiple Source and Destination 
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4.7 maxim flelated tegisters 

The internal registers in which the parameters required for drawing are stored 
are described in this section. 



(1) EADOEG (Execution Address Origin) 

No. of Bits: 24 

Address: 00B - 02H 

Application: This register sets the physical address (effective address) in 

the display memory corresponding to the origin (0 r 0) on the 

logical plane (the X-Y coordinate plane) . 



(2) dftDOHG (Dot Address Origin) 

No. of Bits: 4 

Address: 03H 

Application: This register sets the dot position in the physical address 

(effective address) in the display memory corresponding to the 
origin (0,0) on the logical plane (the X-Y coordinate plane). 



(3) EAD1 (Execution Address 1) 

No. of Bits: 24 

Address: 04H - 06H 

Application: This register sets the drawing start physical address value in 
the drawing processing when the drawing start position is given 
by the physical address (effective address) . 



(4) dftDl (Dot Address 1) 

No. of Bits: 4 

Address: 07H 

Application: This register sets the dot position in the display memory 

when the drawing start position is given by the physical address 

(effective address). 
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(5) EMC (Execution Address 2) 

Nd. of Bits: 24 

Address: 08H - OAH 

Application: This register sets the drawing start physical address in the 

drawing processor when the drawing start position is given by 

the physical address (effective address) • 



(6) <M2 (Dot Address 2) 

No. of Bits: 4 

Address: OBH 

Application: This register sets the dot position in the display memory 

when the drawing start position is given by the physical address 

(effective address). 



(7) WISPS (Plane Displacement Source) 

No. of Bits: 24 

Address: OCH - OEH 

Application: This register sets the number of words which occupy one memory 
plane in the case of display memory configured with two or more 
planes. In the case of execution of the OOPY command, the 
number of words per source plane is set. In the case of 
execution of the PAINT command, the number of words per plane 
containing the painting pattern (tiling pattern) is set. 



(8) PDISPD (Plane Displacement Destination) 

No. of Bits: 24 

Address: 10H - 12H 

Application: This register sets the number of words which occupy one memory 
plane in the case of display memory configured with two or more 
planes. In the case of execution of drawing commands, the 
number of words per plane for graphics drawing is set. In the 
case of execution of OOPY commands, the number of words per 
destination plane is set. In the case of execution of painting 
commands, the number of words per painting plane is set. 



4-48 



Advanced Graphic Display Controller 



(9) FNNC (Plane Maximum) 



No. of Bits: 

Address: 

Application: 



16 

14H - 15H 

This register sets selects the number of planes (up to 16) in 

the display memory to be drawn, as shown in the following table: 



FMAX 



0000 0000 0000 0001 
0000 0000 0000 0010 
0000 0000 0000 0100 



Plane to be drawn 

Until 1st plane 
Until 2nd plane 
Until 3rd plane 



0100 0000 0000 0000 
1000 0000 0000 0000 



Until 15th plane 
Until 16th plane 



(10) MODO (Drawing Mode 0) 



No. of Bits: 

Address: 

Application: 



4 

16H 

This registers defines the type of logical operation performed 

during drawing processing. When the bit in PLANES corresponding 

to the memory plane is during drawing processing , the logical 

operation defined by MQD0 is executed. 



(11) MODI (Drawing Mode 1) 



No. of Bits: 

Address: 

Application: 



4 

16H 

This registers defines the type of logical operation performed 
during drawing processing. When the bit in PLANES corresponding 
to the memory plane is 1 during drawing processing, the logical 
operation defined by M0D0 is executed. 
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(12) FTOP (Pattern Pointer) 

No. of Bits: 24 
Address: 18B - 1AH 

Application: ©lis registers sets the first physical address in the display 
memory area containing the painting (tiling) pattern. 



(13) ana (Stack Pointer) 

No. of Bits: 24 

Address: 1CB - 1EH 

Application: ©lis registers sets the first physical address in the display 
memory area to save data such as coordinates, etc., during the 
retrieval of the boundary point in the arbitrary enclosed area 
painting. It may be considered as the working area of the ACDC 
in the execution of the PAINT command. 



(14) X, Y, EK, DY, XS, IS, XB, YE, XC, YC, DH, DV 

No. of Bits: 16 each 

Address: 40H - 57H, respectively 

Application: This is the group of registers used to set the parameters 

required for the execution of various drawing commands. 

However, the DX registers is also used as the data port to 

output data read by the AGDC during execution of the READ COL 

command* 



(15) PITCBS (Pitch Source) 

No. of Bits: 16 

Address: 58H - 59H 

Application: This register sets the number of addresses in the horizontal 

direction of the source plane in the display memory during 

execution of the COPY command. 
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(16) PTK2) (Pitch Destination) 

No. of Bits: 16 

Address: 5AH - 5BH 

Application: ttiis registers set the number of addresses in the horizontal 

direction of the drawing plane in the display memory during 

execution of paint commands. 



(17) SDWL (Store Maximum) 

No. of Bits: 16 

Address: 5CH - 5DH 

Application: This register set the size of the display memory area used to 
save data such as coordinates, etc., during retrieval of the 
boundary point in the arbitrary enclosed area painting. It may 
be considered as the working area size of the ACDC during 
execution of the PAINT command. 



(18) PIANES (Plane Select) 

No. of Bits: 16 

Address: 5EH - 5FH 

Application: This register selects the type of logical operation in the 

drawing processing. Each bit in the PLANES registers directly 
corresponds to a plane. For the plane in which the logical 
operation defined by register MODO is to be executed, the 
corresponding bit in PIANES must be 0. For the plane in which 
the logical operation defined by register MODI is to be 
executed, the corresponding bit in PIANES must be 1. 
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(19) PXNQCr (Pattern Count) 

No. of Bits: 16 
Address: 60B - 61H 

Application: This register is set in the two ways listed below according to 
the painting pattern in the execution of the painting contend: 

1. In the case of painting by using the painting pattern 
previously generated in the display memory (TL ■ 1), the range 
of words from the address specified by the register PTNP to be 
referred to as the painting pattern is defined by the number of 
words. 

2. When the 16-bit data in the register mow is used as the 
painting pattern (TL * 0), the actual painting pattern is 
defined. 



(20) XOJON, KUDU, XOJftX, YCLMAX (VY aipping Minimum/Maxinum) 

No. of Bits: 16 each 
Address: 62H - 69H, respectively 

Application: These registers define the rectangular clipping area to be 
referred to during the drawing processing. 



YCU1AX 



I Clipping I 

I Area I 

I I 

H 1- YCE/1IN 

xaniN xa/iAx 
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(21) 



(Horizontal Magnification) 



No. of Bits: 

Address: 

Application: 



4 

6CH 

This register sets the enlargementy'shrink magnification in the 
horizontal direction during execution of enlarge/shrink drawing. 
In the case of enlargement drawing, the magnifcation is 
16/(MAGBtl). In the case of shrink drawing, the magnification 
if (MAGH+D/16. 



(22) MGV (\fertical Magnification) 

No. of Bits: 4 
Address: 6CH 

Application: This register sets the enlargement/shrink magnification in the 
vertical direction during execution of enlarge/shrink drawing. 
In the case of enlarge drawing, the magnification is 
16/(MAGVfl) • In the case of shrink drawing, the magnification 
is (MAGVfl)/16. 

(23) CLIP (Clipping Mode) 

No. of Bits: 2 
Address: 6DH 

Application: This register selects the clipping operation as shown in the 
following table: 



H 1 1 

I CLIP I Function (Other than PAIMT comnand) j Function (Paint command 



I 00 I Drawing only in the defined 
I I rectangular area 



I Boundary point retrieval 

I and drawing only in 

I defined rectangular area 



I 01 | 

H H 



No clipping operation 



1 

10 1 Drawing only outside the defined j Boundary point retrieval 

I rectangular area I and drawing only outside 

I I the defined rectangular 

I I area 



+ 



I 11 I 

-\ H 



Not Used 
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(24) FIAGS, OMAN) (Flags, Conroand) 

No. of Bits: 16 

Address: 6EH - 6FH 

Application: This is the register used to write the cosnand to be executed by 
the ASX. It consists of the operation code (6FH) and the 
operation flags (6EH) • When the operation code is written to 
the conroand register, AGDC begins processing. 
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4.8 9*r»mm*.»ra nnrregpnnriino fcn DR&W flnrnnanris 



W» parameters required for DRAW coranands are illustrated in this section. 

(X+DX.Y+E'Y) 



19071 



(X,Y) 
[OOT] 



<X,Y) 
F 



— DX— 
[R.DOT] 



T 



w»>»wm>.n»>»»»*«»»>.rr»»»T>>»«r/»w»vA..>»>*T/>wrx»»»<v>v.w»>.ft.>»^>»<»»*»<»^ 



(XE.YE) 



<X*PX,Y+PY) 



[LIMBl 



(X,Y) 



(X.Y) 



[4.LIKE] 




[R.LIKE] 






[ RECBWfrlE] 




iK,\) 




[fl.REC] 



[R.REC] 



'.•>>..•>.>•:•••.>• .*.•><••.%>.»•••.•»•••.• .»!*>♦#■*>».«!( .»••*»»»• IV .*»<!»»•»•»••.»•••■> .»»r,«.*.«V.*»->V A.. V.» 



[CIRCLE] 




[CRL] 



V.».V."..V.A.W-..V.^l»».'»»«»J».»»-'»»>.'1 »»».-« < »».^»U.^.»l«»l». , »»»».t.^.t.l».1»»».-«l»».^.>.<il»."..*'^»»»-'*.»»'t»S*"*'V.t.»».t. S».V.H .'..>k.»..V.t.V.\.l.'..l-.- 



[ELLIPSE] 




DH:DU*DX 2 :DY 2 




:elps] 
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[ ARC ] 

[C.4RC] 




(XS.YS) 



CF=1 



____.— -T(XE, YE) 



(XC.YC) DX 







CF=0 



[ SSCTCK ] 

[CSEC] 



(XS.YS) 



• .T.*».^.»»^.V.5i»i.T.»».n»».t»»."U«l.-«»»»,t.V.t.»rt»»'.tv»^-.i».t.>T.V.-. 

(X$,Y$) 




(XC.YC) DX 



St.- w.->: : ■?•:.■ ■* 



»:.••,•••- .•v.-^v.v i**.*!*;: »">„• <~v«^r.". ,>»/•*,-....* ,...•.. 



•.v~v».v» «••• -.>*.••■,«•.•« -,«»•.• 



p-. CV-? V"i 



[ELLIPTICAL ARC] 
(Ef^RCj 




•T^^.\€) 



(XC.YC) 



DH:DU=D:<! 2 :DY 2 



<X$.Y$) 

CF=1 




cf=c 



•»»W.i.l~«OW»«'.*.fc»"*.C"*»k»*-.i«**-i'-r t v--»» ; 



<X$,Y$> 



[ELLIPTICAL .SfecTCfQ DV 
[ESEC] 




(XCYC) DX 

DH:DU=DX 2 :D'v 



CF=C 
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[ PAINT] 




PX • Bow^ola^ co[of 



[PdlHT] 



>.<hW.l»M.I>.VMili.1tM,MiMVt>«>.1i 



[ RSCTAA/6LE 




<X,Y> 



.^•■ar.^A/iry 



§rw#»-wi. .••„---,t .i.--r^r,»*»s»,i>r» .-. .-.:.• 
- '"^ V.-nwiiniMmirrt D » 



<XE.YE) 




X£XE Y^YE 

[oec.fili] 



DH^0 DU£0 
[R.REC.FILL] 



U »io«'*i , » , .«-»:»i:*'u*'*4'» - M ••;*»♦ ■.«."••«:«•.«*•*!*»;«•.»» •**«:*?«» »;«in:<u^:u*su:»;v:v«»>:««»«»:«H»;«Mi»»««:^!»:«*-*:»T«*:« - »!^i*-««*.U'»:i. »•■•*»•- 






[CIRCLE FILL] 
[CRL-FILL] 




..»*_jitv*sa«'' 






v>\i>V., «-•«,:-.-■>• :"•;•;.••* ■••.-' 



**v. ■ :«vt« **» f?wr .Tynn> f»*;»<»n» ? w» ww fg * ' » fJW f ww « ? * ;»<?** <*ar.-<«*»«*v.* *w> ■>"**••.■ :?.V/.- ;*? 



[£LLIPSE FILL3 

[ELPS.FILL] 

w< «• i.".— *.•'> . I;* 










..^V.-. 



*h£; *1 J "*Vj; yV.^ *££**'•' • ^ - ; 






' -••~*.**Sr^^- - 
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[TViIAw<Hfc PILL] 



CX,Y> 









<XC,YC) 



[TRI.FILL] 



i%\Ari-»,%\ t %\HVAi^HM!i* , w":.H«(4r«B«i*H?weejBitHrai%v:iv.:i^^ »,*.• ov «,-.•: ».-■:.• v- 



(X,Y) (XS.Y) 

*»'S»jlrS*r:T - **« 1; * , ^, : . : .'f?." :,, r*^. 



(X,Y) 



C>:., Y> 



[TPAP.S20ID 

FILL 3 /;Xi>3;;K^fK 



vio, fi_; \,-.c» it; ( .-, (c 

[rt.TR4.FILL] 



Y>YE 



(X.Y) 



(X$,Y) 



— -. jt-jt.-;-*:;:-.*.*. s.» A 



• 
i 



i DX L H-xc- 



DU>0 
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